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ABSTRACT

An Energy System Analysis Procedure (ESAP) is developed for

determining the impact of energy reductions (shortages) on industrial

production facilities participating in Industrial Preparedness Planning

(IPP) programs. The total energy requirements for manufacturing activ-

ities are analyzed for their effects on production. The method involves

programming of the plant or facility in question from the viewpoint of

physical units.
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INTRODUCTION

The Department of the Air Force of the Department of Defense (DOD)

is responsible for the maintenance of certain industrial capabilities

essential to long—term national defense goals. The Industrial Preparedness

Planning (IPP) program is established for meeting these objectives and

is designed to maintain an adequate industrial base to support DOD require-

ments for selected essential military items in a national emergency, in

addition to the maintenance of selected industrial segments necessary

for the long-term national defense. Therefore, an energy emergency

(shortage) can substantially affect industrial production in many ways.

Px~oduction output depends on total energy (direct plus indirect) constraints

within which management must choose to adapt and operate. For a more

extensive and complete historical analysis of energy and DOD programs, it

is suggested that the reader refer to IHistorical Analysis of Energy,

Policies, and Plant Location, Relating to DOD Industrial Preparedness

Planning,” September 1976. by John M. Amos, for further information.

An Energy System Analysis Procedure (ESAP) is developed to determine

the impact that energy reductions (shortages) have on industrial production

facilities participating in IPP programs. The total energy requirements

for manufacturing activities are analyzed for their effects on important

production, which involves accounting for energy shortages as the raw

material flows through all manufacturing stages to the finished production

status. The method involves programm ing of the plant or facility

question from the viewpoint of physical units. To evaluate the procedure,

several specific plants are studied . 

~~~~~~~~~~~~~~~~~~~~ 
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PROBLEM

Because energy is basic to the economic well-being of every nation,

shortages and dramatic price increases since 1972 have had serious impacts

on the world economy. In early 1974, the OPEC raised tI-’e price of oil

exports three to four times over 1972 prices. In addition, revenue per

barrel exported rose even more because of either complete nationalization

of the oil industry or major revisions of the oil agreements which

increased the share of revenue for national governments. Mostly American

firms were involved in these actions.

The effect of oil imports was made real during the temporary oil

embargos. Unfortunately, almost three years have passed since initiation

of “Project Independence,” and in these three years we have managed to

get farther away from energy independence. In the first part of 1976,

the United States crude oil imports were running at the average rate of

4.9 million barrels per day, compared to an average rate of only 3.2 mil-

lion barrels per day for 1973. The Federal Energy Administration has

estimated record oil imports of 5.6 million barrels per day for the third

quarter of 1976.1 Today there is little doubt that energy independence

will not materialize before 1990 and maybe even later. Thus, for the

near future, the United States will be dependent on foreign energy sources

and these imports will be at higher prices, forcing us to spend more and

more money on oil imports. This will require a major reallocation of

funds within our economy.

The aggravation of inflationary and recessionary problems is already

present in the world economy. The direct impact of increased energy prices

on world inflation has been estimated at about 2 percentage points per annum

while the increase in 4 rices of alternative sources of energy is estimated

~
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to be about 1.5 percent , f~r ~ tota.. 3.5 pt~rcent.
2 The increase in the

price of energy has aggravated the a ir ea ~iy exi sting recessionary Si tua tion .

An additiona l portion of incom e now has to be spent on energy, the reby

dampening internal consumption. In addition, modern technology, the basis

for much recent economic growth, has been heavily dependent on energy,

especially oil, primarily because of its historically low price.

Unfortunately, DOD technology has followed this same trend , i.e., being

heavily dependent on energy. An ~dditional problem is that society is

required to allocate a greater portion of funds for energy, thereby

reducing the tax base and causing reluctance to support large Departmei.t

of Defense (DOD) expenditures. This situation results in DOD having less

funds for development, but at the same time having increased maintenance

costs for DOD activities through increased energy prices.

The more fundamental immediate problem examined in this study is that

of the effects on supplies and equipment for various Air Force weapons

systems from industry during various degrees of energy reduction during a

crisis. Several specific questions occur, such as how will an energy crisis

affect production in IPP plants in a particular region, what are the

critical processes and where located, and what is the ability of IPP plants

to respond to commitments during an emergency. Responses to these need to

be in terms of volumes and times. This study is directed towards responding

to these and similar questions.

METHODOLOGY

The problem of determining the effects of energy on production capacity

under varying conditions (especially IP? requirements) is solved by deteri~~iing

then through an Energy System Analysis Procc~urc (ESAP). The basic ~ndustr~~ I

structure is modeled in Figure 1. Because of the large number of possible

b~ ~ : ~~~~.. _ _ _  -
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combinations involved (energy available , transportation, etc.), an ESAP

program provides an orderly computational method of evaluation. Examples of

this type of complex problem of multiple alternatives can be found and used

in many industries and in the government. Such an approach is based on

several premises:

1. Decisions in management and production take place in a framework

of information-feedback systems.

2. Intuitive judgment is generally unreliable about how these systems

will change with time, even when good knowledge exists of

individual parts of the system.

3. Model experimentation fills the gaps where knowledge and judgment

are weakest by showing the way in which the known separate system

parts can interact to produce unexpected and troublesome overall

system results.

4. Enough information is available for an experimental model building

approach without great expense and delay in further data collection .

5. The mechanistic decision-making process is true enough so that the

structure of policies and decisions of an organization is representec .

6. The organizational systems are developed internally in such a

method that creates many of the troubles often attributed to

outside and independent causes.

7. Policy and changes are feasible that produce substantial improvement

in the behavior and system performance which is often far from

what it could be , and initial design changes can improve all

segments without compromises or losses from gains in another.

These premises are the basics for developing an approach to the under-

standing of the effects that energy reductions and changes have on the behavior

of IPP production facil i t ies. The interactions between system compor.ents are

~~~t J ~~ . 4  4~~~~~ — •m~i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ... -
~~~~~~~~~



6

in r~iany situations more important than the components themse!ve~. Therefore ,

the information-feedback becomes the basis for integrating the separate

facets of the process.

Determining effects of energy shortages involves a complex arrangement

of interlocking separate facets. Strategic planning by both Air Force and

industry requires preparing for possible eventualities , establishing policies,

and determining decisions in advance. No longer can the cause of action be

determined and personally calculated ; in fact, the system is so complex one

cannot determine or select appropriate decisions. Usually one can predict

decisions and output; however , today in a rapidly changing world , it necessi-

tates a shift of emphasis to evaluation of alternatives , plan t identificat ions ,

alerting of resources , assignments , etc . In so doing , it is necessary ~e

interpret tactical judgment and experience of the Air Force, DOD, and manage-

ment of industry into formal rules and procedures. These methods are

necessary because the rapid pace of world tec~’nology has created a society

that exceeds the ability of man to respond .

It has been amply demonstrated that policies and procedures carefully

formulated can lead to decisions that excel those made by management under

pressure of time, or having insufficient experience and practice, or ir~ the

rigid environment of large comp lex organizations. There is an orderly basis

that prescribes much of present managerial decision-making . Management is not

free to make decisions, but is strongly conditioned by the environment. This

situation permits one to develop policies and procedures governing such

decisions and determine how energy policies and shortages affect the individual

and economic behavior and in turn Air Force and DOD policies.

During the last energy crisis, it is well known that shortages occurred

in almost all sections of the economy even for products that did not directly

~
•
~ifi - n: ~~±i.I~. T~~’t~
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involve large energy inputs. Other times duri~g the energy crisis , it wa~

observed that the systen experienced cascaded changes wh ich were amp l i f ied

by small disturbances that occurred at a giver, level or for given inputs such

as energy. This created amplification of small energy changes affecting

production directly and indirectly. Even such a restricted system will contain

many of the elements for answers to baffling behavior problems in the resi

economy.

The system is expressed in explicit quantitativ e form; the detailed

formation of equations represent relationships. After ti’e mathematical

description of the system is developed , it can be determined how the system

aS a whole behaves, by using an arbitrary pattern of energy shortages as an

input and observing the resulting effects on final production . The ef fect  on

th~ production system can be obtained by “simulation” methods which acnsist

of tracing t:,ro~~ r~, step by step, the actual flows of activities involved ir.

the system.

The Energy System An~~ysis Procedure (ESAP) describes the manufacturer ’s

behavior during energy shortages , described in terminology of the real world .

Required information is involved and related to the essentiai characteristic

of the firm. In addition , many o~her quantities are unknown; however , today ,

z~anagers estimate or combine these intuitively, and in most cases quite

ineffect ively.  The ESAP approach determines the effects  of energy shortages ,

and helps increase our understanding during an energy crisis in an attempt to

manage the system .

The procedural system is a s imp l if ied  tio~ of info~~ at io n ana ac t iv it t es ,

but even so , realistic and informative results  emerge which w i l l  pr ov id e  ~)dii

and industry with effective evaluation of procedures and will avoid costl y

errors. Unlike real life, all conditior~s but one or roTe can be held constant

~ 
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and a p~ ” i :u~ 
-~r tire hi~~ ’~-v repeatr~ to determine th~ effect cc c~ne rr rore

c o n d ! t ion s  t hct  were c~~’1n /~ d;  t he re for e .  c i rr ir.  c t ccces  rcc  he s t u d i e d  t h s t

are se~dc’~r encountered ~n the real world , whi ch pei~n i t s  i nv e s t i g a t i on  of

unu sual or risky changes.

The ESAP appro~ich  f n l l o w s  t~ e sas~e s te~~ tb~~ t a~ o r c r rrn  tc ether ‘sign

techni ques. The coals  are defined , the significant fac tors identi f ied ,

procedure system constructed and tested , and the results analyzed and

interpreted . The procedure system must be designed around a goal requiring a

visualized dcscriptior . of the interrelated parts of the system . This is not

mere statistical procedure but takes place where intuition and insight have

the greatest influence. To discover the actual rractices , not merely ~ormr i

relationships , requires experience , alertness , and a strong intuitive feel of

the real world activities and operations of the information-feedbac~ . syster~

for the sources of the behavior . This step results in clear , verbal desc r ip t i or

of the factors and interrelationships involved . ~ext , these verbal state”ents

are transl ated into mathematical notations which contain the mechanirns of

interaction that have been visualized between the various parts of the system .

Problem s of conversion to mathematical language arise because of ill-cenceived

statements and questions , or inadequate and incomplete descriptions.

The tracing of sr’ecific time makes possible the generation of specific

time history of the behavior that would result if the system (as described)

had actually occurred in the real world. It takes the place of the real

system and simulates operations under circumstances that are realistic. This

permits a great deal more to be learned because the experimental conditions

are fully known, controllable, and repr~x1ucible, so that behavioral changes

can be traced directl y to their causes.

In any system , redesign of the system structure and policies to adeouately

represent the important behavior characteristics requires review and revision .

~~~~~~~~~~ 

.. . 
-
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Tn~- ultimate go~l of the ESAP is to develop a Letter intuitive feel for t:.e

tine-varying neh.~vior of industrial r~ rnS wi~ h IPP programs during vari~us

energy shortage situations , and espe~ i c i i iy  the policy basis that should

guide operating decisions.

OB SL~RVA1’IONS

Prior to World War II , most firms operated a one-shift schedote; there-

fore, they had considerable excess capacity. In addition , industry e~a1c-

tam ed large inventories because of slow transportation , delays , iac~ of

supplies, etc. Consequently, during World War Ir , industry was able to

crease capacity and output imm ediately by adding shifts , better transportation

scheduling , etc . Today, this is no longer possible , as industries are

utilizing equipment to full capacity to justify their high investments in

facilities and in order to maintain adequate return on invesnnent . Aisc

because of better transportation facilities , suni ler  inven tories ~re re~~ ired ;

in many cases industry operates on only a few days ’ inventories. During

today ’s energy crisis, production is affected immediately because of the

above situation. An additional factor that must be considered is that :t

wiil be difficult to adjust and change production because most pr oeuct ~. cn

equipment in U.S. industry is more highly ~peciai~~cd ~de~ i,n~ i e~ p ec~ aliy

for a given operation) as compared to several cecades ~~o. Therefore , u.S.

industry has only limited flexibi’ity. These facts must be considered in

interpreting the results.

Today, management coes not consider their or erst~ons in terms of

cr~ rgy efficiency, but rat~ier their costs. This att~ t~ne occurs not only

de:~ng the yruc.uctior~ cycle 
‘
~~~~~~ ols~ during the life use of the prod~~e.

There :~~. a iarge ciiff~ r e~~~e in energy intensity het~~Len rroduets dur~c~

tu e pioduction process; for some pro cac. :~ require the consumption of 

~~~ ~~~
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approximately twice as much energy as comparable equivalent p r o d u c t s .

This condit ion does not necessarily mean that these products Overall arc ess

economic or efficient than others, as other inputs such as labor , capital ,

land , etc., must also be considered and these high energy products during the

production process may frequently require less abor and other resources. In.

addition to different energy requirements, the energy required to produce

similar products may vary considerably between different regions of the nation .

During an energy shortage, immediately the most efficient productive units

would attract greater amounts of scarce energy supplies; therefore, an energy

shortage would be felt first by manufacturers using energy inefficiently.

With an overall energy reduction, major production shifts should occur

among the nation ’s productivity uni ts ;  however, this anal ysis is heavily

dependent on non-governmental intervention in the energy market and assumes

that energy would be allocated by the market mechanism which would make the

best use of the scarce energy.

The present government allocation system for energy completely changes

the above analysis of energy distribution through the market mechanism, which

would be the type of energy distribution management and policy makers would

assume. The present government system is an allocation on past average usage

rates. For example, if a firm had inefficient production equipment and/or

buildings without insulation or in poor repair, the energy usage would be

reduced the same percentage as the firm having highly efficient production

equipment and buildings. No provisions are made in the allocations for

efficient use of energy. Therefore, no methods or means are provided in

the analysis for efficiency versus inefficiency of production facilities.

-
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SOURCES OF DATA

Data and information were obtained from interviews with typical organiza-

tions participating in IPP programs . A list of organizations participating

in IPP programs was obtained from the ~~~~ster of Planned Emergency Producers ,

(Office of the Assistant Secretary of Defense, Volumes I, II , III , DOD 40053-H ,

April 1975). From this source, twenty-six organizations were pre-

interviewed concerning IPP programs, their operations, use, etc . From these

a sample was selected to provide data for the ESAP and the case example

presented in the context.

When data for a peculiarly sensitive parameter was used , there were

more problems than merely measuring its value, which could be measured

accurately, but the value generally is not constant with time. Thus, an

important variable may cause the ESAP behavior to be misleading at times.

An attempt was made either to determine the source of variation or its control ,

and if these were unsatisfactory, then the system was redesigned so that the

ESAP behavior no longer was vulnerable to the value of and changes in the

parameter through utilizing smoothing techniques, further information, etc.

Descriptive information was obtained for construction objectives. Thts

important source does not exist as “data” in the usual sense of tabulated

• statistical data. In this manner, plausible numerical values are assigned

to represent ic~entifiable and describable characteristics of the real worie.

These relate individual policies and characteristics to the consequences that

they imply.

During the process it was necessary to deter~nine :he relat ive importance

of various factors. Data was obtained relative to changes in value wi th i r.

a range of present operations; obtaining data or refining for operations

outside the range would be unjustified as these operations generally are un-

profitable.

-~ •~~~T:~~i~~~- 
~~~~~~~~~~~~~~~
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Because of the natur e of some of the data required from management ,

values were estimated where necessary, so that information could be obtained

as speedily as was feasible. In general , sufficient information and data

existed of descriptive knowledge by management for the study. In fact,

nanagoment was very sensitive to the preserving of important  var iables  con-

cerning energy and IPP programs; and there was divulged far more useful

information than existed in recorded data. This does not mean that data

collection was not just if ied , because it was used extensively in the process.

PROCEDURE METHODO LOGY

The “Procedure” is general in nature and represents a broad industrial

base. Because the immediate objective was an examination of possible effects

or unstable behavior arising from the energy shortages, pertinent factors

relating to energy were included in the procedural formulation. Some

principal organizational relationships and management policies were not in-

cluded but would have been interesting , and some might seem essential.

Because of the critical importance of the structure in contributing to the

system, the analysis includes the principal activities, delays, etc., in

the flows of energy through the system. Sources of expansion and contraction

were incorporated, as these are crucial to the behavior of the system in

the real world. Such factors found in the system affect the generation of

production, shipments, energy, etc.

A system of equations was developed in the context of certain conventions

that state how the equations are to be evaluated . These equations control

the changing interactions of a set of variables as time advances and are

computed periodically to provide successive new states of the syst~ n.

The continuous advance of time is broken into equal monthly intervals.

This means that changes mad e at the beginning of the interval are not
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affected by any changes that occur during the tnterval . At the end of the

interval (month) new values of levels are calculated and from these, new

rates are determined for the next interval (month).

For the purpose of evaluation, the basic equations are separated into

flow equations and quantitative equations . For each time step, the quanti-

tative equations are evaluated first, and the results become available for

use in the flow equations.

Delay equations are used to introduce a time lag, a conversion process

that accepts a given inflow and delivers a resulting flow of output . Many

delays are short and their effect is negligible compared with longer de ays.

However , to introduce a delay in every situation would lead to a vast amount

oi~ detail , much of which would contribute little to systems behavior . Actual

processes which are cascaded one after the other are often combined into a

single delay representation. Also , delays in parallel branches entering a

cozrirn ori channel may often be combined.

It is obvious that the “Procedure” cannot possibly represent every

individual decision and transaction taking place in the system. If individual

actions are properly grouped according to similarity of circumstances, the

average behavior can be more accurately described thar. can be accomplishea

for any individual incident. How this grouping, or aggregating, is done is

of the greatest importance. If there is insufficient aggregation, then

unnecessary and confusing details occur; however, if aggregation is too

sweeping or is accomplished by combining the wrong things, then elements of

dynamic behavior are lost that need to be observed.

Even though a great degree of aggregation occurs , emer~y types , su~-

products , customers and production are segregated in the procedure. Onl y

those items are aggregat ed that hav e similar characteristics either in

decisions or time response, functions, etc., which preserve the important

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r 
.- — ——•-- .-•--- -.- ——...-.•—•—.--— ,— .-—--•-- —

~

-.-—.-.“-•—- .

14

nonlinearities of the system . Aggregation was based largely by examining

these factors. Individual activities and sequences are formulated in the

procedure; therefore, flow diagr am s were developed for the sequence of

individual actions. This involved paths of events, formations, delays ,

backlogs, shipments, and production. Through this method, the establishment

of aggregation of separate items is possible.

Changes occur from the reduction of energy into the system in proportion

to the level of energy usage. It is assumed that a decrease in energy

available requires a corresponding decrease in production and causes a

decrease in suppliers~ production, as it is assumed these groups are

already practicing energy conservation measures. In addition, the decreased

level of activity causes transit problems, as the transit sector has less

energy available. Reduction of energy at production requires short-term,

transient decreases at both suppliers and transportation sectors.

Changes arise from inventories--a decrease or shortage of products

usually creates a desire to carry a higher reserve or supply of materials.

These can be acquired by additional purchases for a time in excess of

present inventory levels. Such factors operate to cause an artificial

demand and supplies fall faster than expected .

Besides reduction of energy for production , management thoughts and

actions also lead to further changes and further instability of the system.

For some this occurs as a major source of change in the system, even more

amplified than in the real world. The general approach in the “Procedure”

is to allow sufficient scope to contain interesting dynamic problems. The

emphasis of the system is restricted to ’the bare framework and major phenomena

of the system; unimportant detail obscures the principal reason for the

system. Otherwise, extensive enrichment of internal details leads to a more

complex situation that detracts from the overall obj ectives of the system .

~: ~~~~~~~~~~~~~~~~ .~~~~~~~~~~~ 
.z4__ ,
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Activity in the “Procedure” consists of interacting flow networks of

energy, production, and flow of materials. The materials flow is controlled

by many interacting relationships representing information based on in-

ventories, sales, and production. Therefore, those parts are included that

directly relate to energy. The omission of other variables from the decisions

is not unrealistic, because these influences on decisions seldom take

precedence for long if they run contrary to actual energy resource conoitions.

The “Procedure” has been developed to interpret the response of the system

to deviation between energy and production.

Only in marginal organizations that are operating at a loss, or where

cash flow and available credit are below normal do the conditions exist to

limit the freedom of decision-making that would otherwise be found in the

normal system. At the other extreme, a high profitability in one sector

would be expected to attract competitors and would lead to increased produc-

tion capacity and to pressure on other sectors. For the moment , the assump-

tion is that the industry character in trie short run is not being markedly

changed by high profits or losses , but allowing for reasonable profits. It

also assumes that the “Procedure” is dealing with an industry in the “Mature”

phase of its life cycle and only over a time span short enough so that the

structural and policy character of the industry are not changed by other

factors. This means that personnel, labor , and plant availability are not

factors primarily controlling industrial operations.

Thus, concentration is on the main channel of material flow (which

includes energy) from production plant to customer and DOD and on the

streams of information flow moving through the systems. The structure of

the system is shown in Figure 2. The system is concerned with four major

types of energy--natural gas, coal , oil , and electricity; therefore , the

diagram involves a similar diagram for each energy source. This defines in

a general way the problem facing industry when energy supplies are reduced .
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Only the most pronounced and obvious influences are included . The purpose

is not to achieve complete representations of all functions, but rather to

exhibit a method of analysis and to understand the contributions to system

behavior that can cause organizational problems.

The ESAP has the following characteristics:

1. Describes cause-~’ffect relationship for various energy types.

2. Is simple in mathematical nature.

3. Is closely synonymous to the industrial terminology.

4. Can extend to large complex situations .

5. Includes a continuous interaction of energy-related activities.

The structure contains the following essential features:

1. Customers of several levels of activity, DOD , TPP manufacturing

units, and suppliers.

2. Flows from one level to another of information, materials , etc .

3. Decision points that control activities in the structure. These arc

statements of policy that determine response to conditions.

4. Information sources that connect the structure.

This is an effective means for studying a complex phenomena. The value

arises from its improving understanding of obscure behavior characteristics

more effectively than can be done by observing the real system.

In this analysis, the customers (including DOD), production, suppliers,

and energy sources, make up the sectors, which are very similar to one

another. Equations are formulated to represent the relationships of component

concepts that are significant in describing the system .

Included are variables that measure’ quantities which are levels in the

system , such a: inventories, backlog sa les , energy, suppl ies , etc. Like-

wise significant in the system are flows; by inplication this involves the

important decisions , both implicit and overt, which are being made . In

L4.. ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ‘~~&~~~ ~~~~~~~~~~~~~~~~ _ _ _



addition , there are important delays that contribute to the system ’s

behavior . Mathematicall y, the delays take the form of emiations of quanti-

ties and flows .

In approaching the actual situation of energy shortage, considerable

time was taken in tentative identification of the pertinent variables , in

reducing these to equation form, and in selecting the factors that were to

be included. Within the confines of this report, there is not enough space

(it would also be unduly confusing) to attempt to trace all of the step5

that were actually followed in evolving the equations.

A. For the customer and DOD sector, quantities that are central are:

1. Backlog sales.

2. Inventory.

Correspondingly, the major flows pertinent to the objectives are:

1. Order s from customers and DOD.

2. Inventories shipped.

3. Orders to production .

4. Transportation to customers and DOD.

5. Transportation from production.

The principal delays for these quantities and flows are:

1. Delay in inventories shipped .

2. Delay in transportation to customers and DOD.

3. Delay in backlog sales .

4. Delay in transportation from production.

B. The production sector involves quantities set forth as follows :

1. Actual raw material (RM) inventories.

2. Unfilled purchase orders from suppliers.

The major flows for this sector are:

1. IPP production.

2. Purchase orders to suppliers .

~ _ _ _ _ _
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Del~Ly s in the production sector are:

1. Delay in purchase orders to suppliers.

2. Delay in IPP production.

3. Delay in transportation from suppliers .

C. The suppliers sector uses quantities factors as follows :

1. Supplies shipped.

For the suppliers sector, the flows are:

1. Supplies production.

2. Transportation to production.

Delays for suppliers are:

1. Delay for supplier production .

2. Delay for transportation to production.

D. The energy sector quantities include:

1. Energy for production .

2. Energy for suppliers.

3. Energy for transportation.

The flows that are involved in the energy sector are:

1. Energy aUocation .

2. E nergy substitut ion.

And the delays are:

1. Delay in energy allocation to industry.

2. Delay for transportation .

It must be stressed that the equations are not correct in an intrinsic

or mathematical  method . These merely describe what ap pear to be the most

significant relationships and are similar to a verbal description of organi-

zations having IPP activities. They are correct from the standpoint of

interviewers ’ perceptions of IPP programs and relationships to the organiza-

tions ’ activities.

d_ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~L
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As stated , the procedure only incorporates the important fact~ r’-

relating to energy shortages and - includes factors that are hi ghest on the

pr i or i ty  of e f f ec t s  w i t h i n  the above specified boundaries.  This repre sents

the estinate of sampled manag ement of IPP prograns of the behavior of the

exist ing systems with the characteristics represented of the svsten~’s

behavior to he explored . The usefulness of the procedure depends on its

reasonableness and pertinence.

The next step is to at tempt deta i led measurements for the imp or tance  of

factors that influence activities considerably. In this way , costly data

col lec t ion  and da ta analysis can be concen trated and direc ted where the

resul ts  wiU be most u seful .  Some factors do not inf luence to the extent

that others do; consequently, the values do not matter  as they do not affect

the system ’s operations criticall y. These do no t require such effor t of

data collection and this particular aspect is not directed to in this study.

Industry is characterized by irregular events which are influenced 1w

a multitude of minor events. These irregularities are caused by many

activities that exist in the organization . On the other hand , many managerial

actions must react smoothly. Production cannot be perm i tt ed to f luc tua te

as inventories are buil t  up and decreased slowly.

Changes in data , wh ile ignoring the superimposed , meaning less f1uct~ia-

tions , require averaging (smoothing). Averaging of data occurs to somo

extent at all points in the procedure . In turn , each of these sane polots

contributes its source of fluctuations to the points or activities being

controlled . The mechanism for smoothing is the numerical processing of data

into averages, monthly, quarterly, and ‘annual summaries of sales , production ,

energy usages for the period specified . These formal averaging processes

are found in many points and channels of the procedure.

S •l
~_
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SmootL~ n g is essen t ia l  f or f~~ ter~ ng out s c r t - ~ er~~u fluctuctiuu:

however , smoothing changes the sens itivity of the procedure to ch ffe:i-ot

periodiciti es that may exist in data fluctuationa . Smoothing distorts for

better or worse the information in a system ; consequently, it is always a

compromise. The dilemm a is between more smoothing to reduce ccaningless

fluctuations and less smoothing to extract the desired , meaning ful infornat~ c~n .

ALGORITI-iM

~~~~~~i i f l U t

This type of ana lysis requires data that is easily available. Tr,e

assumption is that adequate data is available and that exteusive coliect .~ca

of statistical data is unnecessary as the value from the laboriou s coil ~~or~

of data generall y does not equal the cost.

The actual data requirements for input to the evalcac ion pro~ rac are

described in Figures 3 through 9. These figures show the input format,

input variable names and descriptions , and purpose of each of the 14 input

cards to the algorithm .

Figure 3 describes the historical data card , which is of c-u c ial

portance due to the recursive nature of the equations. This card provices

past manufacturing data on number of products ordered each period , nunber

shipped each period , average distance the product is transported and fin-

ished product production cycle time .

Figure 4 describes the product . The nan c- of the product is used fcr

outlut identification . The nuube~- of units oroduced is used in c a i c i a : i u

f uel per u~~it ratio and the equipment ~~~ ~s includeu in the cdicu i i ~ io:.

of a delay c:~u:~ed by the increased down tine of older machines. Any :;puci~~l

fuel  rt-qul renc -nts which are incurred prior to production nust be deducted

~~~~~~ -~~~~~~ ~~~~~~~~~~~ -. : ‘
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~d’~2D~ E: Th~ s card D rov~ des the pronrar’ w~ tb i n form ation to

ni t i al i ze data to the arrays :NVSHP , ~LGSAL , and ORP [R~. :t also

cont ai ns data concerning specia l orders , average mo ntnl y orders re-

ceived , average distanc o transoortod , and monthly p~odi:t cycle tim e .

FORMAT

COL 1-10 INVSHP (2) Numbo~ of finished products shipped last

month , 1(10).

CCL 11-20 BLGSAL(2) Backlog on ordors pr ior to this month ’ s

shio”~ents, 1(10).

COL 21-30 ORDERS (1) Number of units ordered two months ago , T (’O).

CCL 3 1_ t.O O°~ERS(2) Number of units ordered last month , 1(10).

COL al-50 DO~C0M Number of units committed to a spec~al order ,

1(10).

COL 51-60 AVEOR D Average number of products ordered each month ,

1(10).

COL 61-70 DIST Average distance finished products are trans-

ported , 1(10).

CDL 71-75 PRODCY Product cycle time (in months), F(5.3~.

Figure 3. Historical Data Card

k-,-- ~~~~~~~~~~~~~~~~~~~~~~~ —i::~. .  ~~~~~ -~~ ~- —-
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PURPOSE: Tr,~s carc provides the program with informati on about

product name ana month ly quantity produced , any special fuel require-

ments, age of production equipment and type of transportation employed

for shipping.

FORMA T

CDL 1-16 PROD 1 Name of product manufactured , A (i6 .

PROD 2 (Due to the characte r handling characteristics

PROD 3 of FORTRAN , four variables must be used to

PROD 4 contain a sixteen characte r name.)

COL 17-26 UNiTS Quantity of finished products produced per

month , 1(10).

COL 27—28 EQAGE Average age of all production equipment , 1(2).

COL 29-37 SPNLP Special fuel requirements which are used prior

38—46 SPNNG to production , 5 F(9.1).

47—55 SPNOIL

56-64 SPNCL

65-71 SPNEL

CDL 72-75 LIRANS Type of transportation used to ship product ,

A( 4).

Figure ‘~~ . Plant ~n~ormation ~at~ Card

—~ - j
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from ~ho tot ol crorov av;~~lah1e prior to productirin outpu t calcu lat inr~~.

Fina l~~v , th e method of tr-~!To;~ nrtation uoed is inportont in order to fi gure

the diesel fuel requiremeo~ ~ -

F doscrihes the enorgy required aod ova- lah]e for production.

~ 
rnrdo’r percentago of a uel change is onnl led co ~-‘e --am , al fuel reou ire-

nents in order to determine energy available f0D  that month.

Figure 6 describes the p lan t volum e and energy substitution possibili-

ties. The physical volume of the plant is used to determine the heating

BTU requirements. This heat ing requirement is then deducted from fuel

available for production . iThergy substitutions are made through predetermined

ratios if the manufacturer has ad equate facilities and sufficient access to

the fuel.

Figure 7 describes diesel fuel availability , the types of raw materials

(if more than 100 different materials are used the dimensions on var iab les

R’~U, RM NV , and PY~JSE must he altered accordinglv~ , inventories , and usag e

• requirem ents. The diesel fuel available determines the quantity of finished

products the manufacturer may transport. Limitations in production output

may occur when inventory levels fail to meet the raw material demand require-

ments. Thus, the beginning and ending inventories for each material are

important enough to necessitate carefu l monitoring .

Figure 8 describes the number of supplier s for each raw ma terial and

the amount of fuel available to each for production .

Figure 9 describes the supplier , the nam e of whic” is used strictly for

pr inting purposes. The number of units the manufac~ urer orders along w -t ’-’

the percent of the supplier ’s total outrut and the supp lie r ’s fu el requ~ re-

ments determines the quantity of raw materials which are available for

delivery to the manufacturer . The product ’ s un i t  wei~,ht , dis tance transported ,

and cranspo’tnti.on method determine the quanti~ v of ‘Saw nate ’-ialc actua lly

d elivere d and added to the manufacturer ’s inventory .

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 
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PURPOSE: This card provi des the pro~rai~ with information about

the quantity of each fuel , liquid petroleum , ratural gas , oil , coal ,

and electricity , which is consumed in norma l produCt ’On and the change

(in percentage) to be observed .

FORMAT

Care 1

COL 1-15 QLP Quantity of each fuel consumed in producing

16-30 QNG UNITS units , F(15.1).

31-45 QO1L

46-60 QCOAL

61-75 QELECT

Card 2

COL - 7 CLP Percent change to be effected on the above

8—14 CNG quantities , F(7.4).

15—21 COIL

22-28 CCOAL

29-35 CELECT

Figure 5. Energy Data Card

r r f f c p f l 1 m 1~~’m’ -- - ~~~~~~~~~~~~ . 
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P PDSE : This card orovides the 7roQ~am with in~crma t~on about the

p lants interior volume and tyoe •o~ energy used ~or heating and cooling .

FO RMAT

CDL 1-15 SPACE Volume o~ the production facility , F(15.l).

• CCL 16-19 IHFUEL Type o~ energy used for heati rg, A(4).

COL 20-23 ICFUEL Type of energy used for coolin g , A (~).

PURPOSE: This card answers the question , “Does the product ion

facility have the capab ility to subst itute one form o energy for

another?”

FORMAT

1 - y e s  0 - n o

CDL 1 PCLOL Coa l for oil, 1(1).

CDL 2 PELOL El ectricity for oil , I(’).

COL 3 PCLNG Coal for natural aas , 1(1).

CDL 4 PELNG Electricity for natural eas, 1(1).

CDL S POLNG Oil for natural gas , 1(1).

Figure 6. Climate and Substi tution Data Cards

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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PURPOSE: This card provides the program w~th information about the

number of gallons of diesel fuel avail able for transportation of goods.

• FORMAT

COL 1—1 5 DIESEL Quantity of diesel fuel available , F (15.l).

PURPOSE: This carc provides the program with values for tne arrays

(dimensions , I to NUM~AT) RMINV and RMU. The second card must ~a

repeated to account for each raw material (NUMMAT).

FORMAT

Card 1

COL 1- 4 NUMMAT Number of different raw materials per product ,

F ,

Card 2

CDL 1— 10 RMINV (I) Raw material inventory at beginning of month ,

1 (b ).

COL 11-18 RMU (I) Quantity of raw mater ial requirements per

product, F(8.4).

Figure 7. Transportation and Raw
Material Data Cards

~ 
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PURPOSE : Th i s card provides the progr am with the number of raw

material suppliers , and the quantity of each energy available; card two

must be repeated for each supplier (NUMSVP).

FORMAT

Card 1

CDL 1- 4 NUMSVP Number of raw material suppliers , 1(4).

Card 2

CDL l_ 1 5 SLP Quantity of each fuel ava i” able to the supp lier

16-30 SNG ~or production , S F(l5 .l).

31-45 SOIL

46-60 SCOAL

61-75 SELECT

Figure 8. Suppliers Data Card

~~~ p j — --~~~~~~- -~~~-
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PURPOSE: This card prov i des the program with the namer of the

supplier , the quantity and percent of tota l outpu t that the manufacturer

orders , the transportation data : weight per unit , distance shipped , and

method of shi pment, and an assigned product code number. The second card

simp ly contains norma l production fuel requirements of the supp lier.

FORMAT

Card 1

CDL 1-16 SUP 1 Name of supplier , A (l6).

SUP 2 (Due to the character handling characteristics

SUP 3 of FORTRAN , four vdriables must be used to

SUP 4 contain a sixteen character name.)

COL 17-26 CAP Quantity of manufacturer ’s orders from supplier ,

1(10).

CDL 27 36 PRODWT Weight of product ordered , F(lC .2).

CDL 37-46 AUDIST Distance supplies must be transported , F (lO .2~ .

COL 47-50 LTRANS Method of transportation used , A (4).

COL 51-52 MPN The product’ s co de , 1(2).

CDL 53-56 PCO Percent of supplier ’ s output ordered , F(4.2).

Card 2

COL 1— 15 RLP Number of units (BTU) of each type of fuel

16-30 RNG required for normal production of CAP units ,

31—45 ROIL 5 F(15.1). ‘

46-60 RCOAL

61—75 RELECT

Fi gure 9. Su2pliers Plant Data Card

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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B. ~“ow Analysis

The FORTRAN computer program , which has been written by the author

as an implementation o~ the analysis procedure , has the modular structure

shown in Fi gure 10. The procedure , ESAP , control s the fl ow of the al go-

rithm , rece~ving a 4d from the subroutines and functions. These subordinate

routines are represented in Fi gure 10 as brackets internal to the ESAP

procedure , the external bracket. Each one performs a specific task de-

scribed in Figure 1l~ in the analysis when called by the controller , ESAP .

Flowcharts of ESAP are shown in Figures l2 and 13. The flowcharts

describe the computerized analysis and flow of information through ESAP .

Figure 12 describes the manufacturing phase of the program. In this phase

ESAP first defines , then initial i zes , the data storage structures. It

then reads the product ion statistics , plant information , normal energy

requirements , and change in fuel available. Through the invoking of the

routine FUELUN , individual fuel requirements for one unit of product ion

are determined. A random variation in the change o~ fuel availabl e is

provided through the PVAR routine. The ENERGY routine is invoked to aid

in fuel reduction due to climate control . Availabl e fuels may further

be reduced due to special energy requirements and equipment deteriorat ion ,

as a resul t of increased down time . Possible uel substitutions are then

explored prior to calculations of the final quantities o~ fuel for

production .

The production capacity , based on available energy , is then projected

by the subroutine PROCOP using the fuel per unit requirements. ~ina lly ,

the raw material requirements ~or t’e product are read. The number of

— ~~ -- ‘-V •- .~ —‘- .~. - -~~ —-
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ESAP 
-

Conb~

Char t

Energy

Fu e t u n

Orf act

Prodef

Prodcp

Puor

Rdmnum

Supef

Tronpo

Figure 10. The Structure of ESAP

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _
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1. TRANPO - Function

Input : LTRANS (cha racter)

Return : integer

Purpose: To returr correct array subscript for the tra’~ porta tion

mode indicated on data card .

2. ENERGY - Function

Input : IFUEL (character)

Return : Integer

Purpose: To return correct array subscript for tyoe of fuel

indicated on data card .

3. RDMNUM - Subroutine

Inpu t: IX, IY (real )

Return : YFL (real)

Purpose: To generate random numbers between 0 and 1.

4. FUELUN - Subroutine

Input: ULP , UNG , UOIL , IJCOAL , UELECT , UNITS

Return: ULP, UNG , UOIL , UCOAL , UELECT

Purpose: To input quantity of each fuel necessary to product UNITS

units and return quantity of each fuel necessary to

manufacture one unit.

--con tinued

Fi gure 11 . Subroutine and Function Descriptions

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -‘- - _ _ _



Figure 11 . Subroutine arid Function Descriptions , continued

5. PRODCP - Subroutine

input: BLP , BCOAL , BELECT , BOIL , BNG , ~;LP , UCOAL , UELECT , UO 1L ,

UNG

Return : FIN

Purpose: To input q~artity of each fuel available ~or procuc tior

and fuel per unit of production requirements , ano also ,

determine the limiting fuel quantity and return the pro-

duction capacity based on fuel ava ilable.

The purpose of the following subordinate routines is to reLrn real

values from indiv idual Monte Carlo tables , corresponding to integer

value input.

6. CHART - Subrouti ne

Input: PER (real)

7. PRODEF - Functi on

In put: NPERD (integer)

8. SUPEF - Function

Input: NPERD (integer)

9. CANBLG - Function

Input: NPERD (integer)

10. 3~ FACT - Function

Input: NPERD (integer)

11 . PVAR - Euci ction

input: IRN2

V .~. - ,~. .. -.
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~~~~Stor! ~~~

[ De~~r’e ~c~c 1
Structures Iond
Initialize

Read
Production
Stat tst ics

F Determine

Ø~~~
J Energ y Quantit ies
1 Avoitoble for

Production 
-

Determ ine
I Actual

Production
Output

Read Raw
Ma te r ia l

Requirements

Fi gure 12. Flowchart of Manufacturinci Phase of ESAP
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Production Output 
________Based on Supplies and Energy
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Figure 13. Flowchart of Supplier and Output Phases of ESAP



ma crials is t~~c-n u — c d  o ~-~~r~t rd c d l  I ect  on of ,o~ . ~co~i r : ’  i ro’ ra’~

ant or ~al invon~ o— ier~ and u sac’ e di car ions a’o ‘ - ~ ~ee on an

ind ividu al ~~~ ~s.

rhe  su~ p iier  an d  fi: il pr duct ~cn phones of the r~~n~-~ nr~ ar e  dencn ibed

in t’ - :re 13. First , the tuta l number of ‘raw ”-’ e’--icl n o n p ~~ier s  i s  —rod in .

hecc’r-rins the loo , crrr tr o lin3 car~ abl e. The fuel availabil ities rac’1ire -

ments , and product: on statistics are then read in and processed , sim ilar to

~~~~~ • .  t f ~cr  the supplier ’s f i n a l  outpu t is determined . th e t r t ~orto-

tion de lay i~ c a l c a L te d  and applied . Thus , bavin~ t~~e raw mat e ’ ial irver-

tories nodated , th eir impact on final production outpu t can be calculated .

Fina lly , the necessary statistics are generated for the next period whi e

this  ner iod ’ s resu l ts  are output in the form slioco in •‘moendsx P.

Th e values f~r- rriraneters were obtained from secondary sources and

from inteI~~iewing companies participating in IPP programs. However , soao

parameters in the “Procedure” that are identified will he found to he

relative while others may be outside a plausible ‘-ange . it is reoiize~ that

fur ther desi gn is necessary to determine whether parameters are stat istir aily

valid . The emphasis has not been on accuracy hut rather or plaus ibilit y and

what the system can teach in the kinds of things that ri ght exist in the

real world.

There is a general -nisunderstarding to the effect that an analysis or

model cannot be undertaken until every constant and functional relations hip

is krcmm to a high degree of accuracy: bi i  the d€ - sig r and use of such tech-

niques should no t be pos tponed u nt il  a l l  pertinent parameters hav e been

accura tely m easured , because the day w i I  never- come. This leads to the

omission of admi t ted ly  highl y sig n i f i c a n t  factor s because hesc are u n m e a c ur e d

or unmeasureable. The “rrocedure” used in t ’his o~~ dv is based on the best

. l  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ *
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j i~f o t a  t ~Ofl t i t  I S  read I V ae~ 1 , : e . a a C~~S eS i’ o~~aeS c r - C  L- st ~~~~~

whore nece ssary so that ~s ; a a ~ :a ct o rs aj a  i-c ~nc i~~u ed  ar~u i e ar n e ~ ~s

possible. T n i s  ~s not to imply or c i s c  r.~~c t n e  pr~ pcr a~ e of data th a t  ~s

ava~ laii ie nor the ici a~ in4 ci ueasurements.

V , 1 idar or; 05 i- coda re

Vali dity of the roc c~1ur e , t~ r a t c  ;- s s e , ~ r a  the  a a ~~~~~t~~ona a n _ a r -

iy ing the £ r000eiure were not 5e~~3I~~ tC i  - The Prca n~~r-e c a n  oa~ y he e~~~~ c e c

to perform to t h e  ex ten t  t i -at  the  a -i-st ein h~ s the cr~ r~ctarIst~ cs te n~~~e~~ C

the ,c~ i s .  in  ~i 1 a a a a~~, a and u co:. t o o l  lea for ces  w i l  I u i -- i d o n  t n~~t

a i l l  cause events  to occur ~; ;ch  s i l l  a ft e c t  the l oad-term outcome , ~nc c a ,

or c ay  not i n f l u e n c e  cn c i r a a a a i  specif ;c  c y c Ot s  at p a :r - cula r  no : i -Ls  of t i ae .

Th e b el -~~v c o r  of the Procedur e  is gr c c t ly  cn~ ngeu i-f any  of the con-

~rc. I cn~ aol ic~~es are c n b ~~ - The ose of huaati -tat~ve tech ri-a~ cs takes  on

authe: t i c i ty ;  tn cr eF c :e , cJ g a s n t  ;;~~st be a forma l and sound pai t of t a c

e v a l a c i  ;on .  V u l i J a t i o ~ •J co not stop w i t h  n u m e r i c a l  d a t a  but used both

sOLr-CdS analucan d r cs1-quantitat~ ve a r e a s .

SU1~ IARY

The Pr o o c a ur e ’ is a; i n f o r m a t i on  foedbac~ systenr , not an open-anaea

m o d el  system cr whica results do not r ea c t  on caises. Therefore , this

present s c on t r o l l e d  e x p e r im e n t s  and al ios~ t i c  o b s e r vu t i on  of edf ~ cts  of

, : c I~~~~e se ; a : t s  o:  th e  systec; - “ nc ~ d : e  is a s e ~ ~~~ r i l y on

ev e  n r o r at ;  on ~t . i l u b i e , u t  i- i ~cu d a t a , etc. C n -~ r ut ion

f a : , i -  ior i ty r i - v e a l  ~n d~~i ’a u t  a ;  ~-ources ant i ’ n i - r  Ic obtained f ;  ~~~~~~~~~~~~~~
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d a t a .  ‘o t : -~~i- c a s e s . l ies - s o r e  hi~ l uch,d °roa he~s
t a v a i l a b l e  -ounc es

ma I”  v ’ - - ~o ; , l ; ,  i ’r t er v  i-w ;
~ , an d  to omit the : was c o n s  dered a ( son t ou s

f : i l i r r c t h a n  to  ‘ i  e n  -‘r-ro’ in ~ a; - tade .

The °r o c e d ur e ’ is d e s c g n e J  to ;la ”eer  s p e c i fi c  c l a s s e s  of a : : e st i - e n s .

“Sr -appletone ss r i - i - i - - d d :nend c or the ~iue -ti e rs to be c,~pln”au .

c t t i i : i r ” ,c, the ‘r r e c e du ~~c , a more extens ive est ima te can he race of : o w

much offarl is ~usti4Tied an rercnc n~ •~~e cysten .

P ur : n r  d ev e l u n ’a e e t , consider able effort was ‘- mdc to carefu lly p eserc a

e s s e n t i - a l  c h a ra c t e ri s t i c s  in o in g  freo real life to the svs-t e’ . T h i s

involved using cor’reapondiug i d e nt i f i able  f eatur es and policies of the

actual  svsten a w h i c~ reau ’-eri organi.:atioe structure , r i mp l i i - c a t~~on , d e T h \~~,

etc  - Therufc ’rc , si”’ilar terminelngv , u n a t s  of measure , concepts , o b ’ e c r i v e C

mmd coals were emn ley od . To f ur t h e ~ :nsure realism , ex tensive irterv:ews

w i th  managers of orparar -otions having IPF program s were conducted .

The method was round to correspond to the important d ymamic ch nr ctor-

stics of i n d u s t r i a l  and m a n a g e r i a l  a c t i v i t y .  Pv or v at onot  was n :  do to rake

it  s t-mole and st r a i gh t f o rw a r d  t hrough  a sv stera of eo:-a t -n ”s t5 at andiv ~dunI lv

evaluated successive time intervals ir sea-cerce of epcr-~t ions. 
‘~ os d i a t r a s

were developed cimu ’;taneouslv whop formulat ing those e a ua t  c o n s  The f l o w

diagram s represented  tb ’  e a ’ r nt i o n s  and t he  r e l a t i on s h i ps w i - t h i n  the ~~- ste -

Thi s sam e ch a r a c t e r st i c  was used for de lays , the  mos t  s i r - p l c  rep ’-esort:ltr’n.

Most im porta n t . the degree of conf idence and acceptability of t h e

o v e ra l l  system must be v ie w e d  and i ud~~ed on t h e  basis  of u s e fu l n e s s  over a

given time period . Therefore , the procedure is not d e s i g n e d  to predict

specific events of particular uni que behavior.

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~ 
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A’tA l_ i ’dl\T Jib- ‘: Ihlh~~ a-

U t  the f~ rcic in the prim;i l ’ y s l l !-v e -y ,  o n l y  O l e , a c~~~or uj e c r a f t

manufacturer , had a l  up-to-d .te Form i)o I 510 :‘~ d wnew w n at  was invo eved

on the part of both the company a t i  bob. This i-i r a was rcarticuiarly

cn t c r e s t c u  tn the  pr ogr:L-n becau 3e it wem ,~ ~. way of ins acing and era ‘ ‘er - i ta;:-

i-ag the Pl ~~nt Equipment  Package (PEP)  t h a t  the f i rm had wi th  DOD. I ; ’

f ac t , the firm could not operate s~ thout using government-os-re . €-o ; pt,en

under- the PEP pro~ raa. lfl other f i rm s surveyed , the IPI forms were

general ly 4 to 5 years olu and some e ve n  9 to 10 years old with terainuti or.

dates of 2 to 5 years later; taos , managem ent considered they  no ~origer r.aa

any commitment to DOD.

When these IPP program s were prepared , a considerable amount of effort

was devoted to surveying the aulidings one, equipment . At the time, these

forms reflectea the f;rms ’ capabJities and ~b;iities to meet the c o;nra~~t-

hccn ’cs . Today, tu e  Porms DD 1519 arc completely out-of-date aria are useless ,

as f i r m s  ‘h av e  comple t e ly  chan g eu  equ ; 1iaer t , p roduc t  l i n e s , and technica l

knowl euge. These changes have alSO cavolved d c s ro ; ’r c nu ing  equipment , mol ar

ex p a i s io n s , anu i istall;ng new autoriatea equi pment.

In this reg ion , electricit y is the major source of energy for m any

f irms , with 3-phase motors and welding ;pe:-at ions being very cocoon. ~or

tha~ tyoe of equipment it is i’.e e ressac y  ta ut voltage be maintained in the

system ; during “bro wn out” period s cf red~ ced voltage , th e f;rm s cannot

operate satisfactorily. If equipmen t is operated , immediate damage to elec :r1c

motor s o c c u rs .  Because of the cr;t ,cai shortage of natural gas , f; r r, 5 nave’

he; e l a n ed  a r u r m o >  sou rces  of oil or LI- LaS tO replace natural Ic .  c i -

s-i i - i  ~a r v  p~ on t ~ l i - m i tnc-ir eta rahy ao~ rcca S .  a c e  October or l~~i-:~~~~~~~,i - L  i- ; C -

evc ;’ , no provisio n , has ae’en code for  s t ;~~by sources 01 eiectr~ c pu~ - :,

wr’i i cii is cssentlai to p~~; ; i e c t i o n .

~i1[T~ ~~~~~~~~~~~~~~~~~~~~~~~ 
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A very i noffic ic- nt use of energy is th at moat finn s receiv-’- raw

ra ton ia l s 5v truck and rilmos~ e v e ry  n l a n t  ~h i n s  it s cn t ire producti on to

cus~~omcr s  by t r u c k .

ln ore s t e n g i’ v .  s’:t ’o~~iers  are anot 9c~ v e ry  critical area that causes

m a - or p r o b l e m s for  r -n ’nni c - , em en t  when c o n a i d or i~~c f u t u r e  p r o du c t i o n  g o a l s

during an energy crisis. Management believes they could meet cornrr ,itments

if thei r suppli ers would provide needed materials and parts . in all situa-

tions , managemen t is concerned about the ability of their suppliers to

meet requirements during an emergency . Some hive reouosted them to prenare

DO 1519 forms. Some have done so, hut others have ignored them . In no

cas es hav e second-level  suppliers  been requested to prepa re gorni PD ~i-19.

Many firms have not had any communication with the Air Force/DOD since

the initial agreement. This situation has caused management to feel no

comm itment to the  t ir  ~o’-ce/TC1l . r a th e r  ti- c-v are concerned only abou t their

regular customers . Consequently , the present status of the IPP program s

has caused most managers to be unsure about t5e preparedness of the nation ’ s

defense system , as management feels the Air Force/DOD are unconcerned about

IPP programs. The present dilemm a is that IPP programs are prepared between

the DOD and the comnany, then management never hears from anyone c on c e rn in g

the program to update the Form PD 151 9 and incorporate changes. As one

manager stated , it seems “they” have a complete lac t: of interest concerning

IPP programs.

In surveying the firm s participatin g in I P O  nr c -g rams  in  t h i s  reg ion ,

it is interesting to note that many f i rm s ¶ i ~at  h a v e  e~~f i c i ~~”t m o d e r n

production facilities are not included in the program . This is another

ind ication that TPP program s are badly in need of attention .

~~~~~~~~~~~~ 
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Using the ESAP , various programs of energy shortages were analyced

assuming different reductions for different r .rpe s of energy. The fo4lc~ -

ing are h ig h l i ghts of the results; howev -~r, many other combinations acalu

have been anal yzed and developed into important policies for both i r1oustry

and government if time had allowed .

The follow ing sample cases provide uackgrcanh information one results

cf typical firms involved in . the study. The information must be interpreted

as a range rather than an exact v~ it;c. Management was amazed at tne magni-

tude of the results at first, but after the initial shock , management

realized the problem and gene ral l y agreed with the results.

Ca se A - lO~ geduction in NaturiJ Gas

Ti-is plant is a divism on of a major national company producing a

variety of products for tndustry. The piant produces brake dr-jams for

heavy-duty trucks and trailers , suspension system s for tractor-trailers , unu

related product lines. Therefore , the Form DD 1519 is for these items.

It has been approximately six years since the first contact was made with

the company and no communication has occurred since the agreement wa s com-

plet ed by the two p ar t ie s .  Unfo r tuna te ly ,  there were mis repres entaz~~crm s ~ ri

t n i s  s i t ua t i on , as the official representing DOD stated that if they woaid

cooperate and prepare the Form DO 1519 it would mean added sales and som e

large future orders. This has never occurred; therefore management feels

misled and does not  l ove the best attitude toward DOD. Yet , this laut ;s

v er y  e f f i c i e n t  and m a n u g e r ent is v e r y  su ccessf ul , and it :s a grcu:: that

DOD woul d wont and need jr-i case of cnery e ’ic>- .

~~~~~~~~~~~ 
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n0 ring th e  past fes s-ears this pl ant has undergone several n aior

pre ’duct~ on changes that have increased overall efficiency; however . Pol-

l u t i on  cont ro l  equipment  has  been installed w h i c h  has reduced refuc ior:

e f f i c i e n c y  for som e opermt ions .  ‘m ew equipment has ~een mainly for pro-’~ c-

t :on operat i on~ other than the prod-act lines requested in the Fo~~ DO ~~~~

and the pol lu t ion  control equipment has been for the operation producing

the DOD product request. Consequentl y, there have been major changes in

the plant’s production capacity since the IPP agreement .

The major raw materials , such as steel and cast iron scrap, are

obtained l ocally . A cons i derable amoun t of na tura l  gas plus electricity

is used in the manufacturing process. In this p lan t , a 10% redu ct ion of

natural gas caused serious problem s for production , even though the firm ’s

suppliers were able to meet raw material requirements as ordered. This is

interesting because the firm reauires five major raw materials which are

obtained from a number of sunnijers.

To meet IPP requirements , the firm could not ship any products to

their regular customers for several months when shinping for the lTD commit-

ment (Figures 14, 15, 16), and the firm could not even meet IPP require-

ments for several months during the period . The practice of not shinning

to their regular customers is probably an unrealistic situation unless a

nationa l em ergency occurs .

Case S - 40% Reduction in Nn~ u r a l  Gas

This plant manufactures a wide assortment of coats; therefore , Form

DO 1519 is for a number of m i l i tary coa ts accoun ting for approximately 50%

of the p la nt ’ s production . This is one of the most modern p lan t s  of i ts

type in the area , as it was constructed only 1 years ago. When the agreement

was first initiated , a comp lete survey was conducted of buildings and equ ip-

ment as they were ot thc time. The last Form Pt) I DID was renewed in Fe’mrunrv

L&~ ~~~~~~~~~~~~~~~~ ~~~~ 4
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1 ¶ rb , but no survey of foci I i los oos ’’:~c’,’ . (‘nl v (c-” 1 n f i v i d a ~I l  in ~ -e

is nestn-’~- i1 ’le ~~~ the ~~ oroer m , ~~ i n t ’~~e s t e f , a n d  ba~

kn ow led ge of the program .

Supplies for this pl ant are obtained throug hout the United States and

Europe. Many raw -‘c- ’ e ria s are of t 5 e r c ’n -made  t vj ’~ requir~ ng large vc- ’~-

umes of energy. Most of the raw materials arrive by truck. There are no

hi gh prior ity energy r e q u ir e m e n t s  for t h e  n l o n t ;  e l e c t r i c i ty  is the n-air

power source.

The greatest effec t of red uced energy supp lies on the p lan t ’s pr oduc t ion

was obtaining adequate supp lies. This is because the man-mad e fibers used

are made from raw materials having a petroleum hnse . Therefore , a ~Ot-

reduc t ion in natur a l gas had a great e f f e c t  on the firm ’s procuc taor~ cnma citv

to produce expected output (Figures 1 7-18). The shipments to regular

customers after making IDP shi poents were almost :ero compared to voi’m’-- es

being presen t ly shipped tc customers.

Case C - 1St Reduct~ nn in F l e c t r i c i t y

Th is p lant is a sheet metal fabricator having considernh’ c v~~ -an~’ . Th r-

p l a n t  was des troyed by fire tO years ago and new p r o d u c t i o n  fac ilitie s w~~ e

constructed . Because of the product characterist cs and the lc’c:r ‘on , nos

processes are d e s i g n e d  to  u t i l i z e  m n x m m u m  l a b o r .

U n f o r t u n a t e ly , the Form DO 1519 could not he imn ed i “
~ 

‘ly Inca ’ of , and

when -~hta nod had not been updated or renewed since I 999. V i” age~~~~ a-a

no 1< nowl edge ef the IPP program , wh i c h  had to be exp 1~I ’ ned to ~‘ r-n- he P-’’-

they even knew wha t was involved . However , after the session , m a r ~I I ’ , ’~~ ’--

became very interested in redevelop ing the prng ’ar if some i”itia l effer ’

would com e fron the \j r  n ’ - r c e / p n n .

The maie r energy ~eu - : ir e r ~on t  j c  elec tr ic i t y , and raw -~‘~t ’~r - a . s  a’- r

ob tained in tb ~~ region an-I r-i ’~cpnrt ~-f o ‘f e’ p lant by rail and

I - 
‘- - ‘ - —
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,\ I D l  re iu c t i c u ’i in KWH li~ a • in;I~.s1 yd fe~ t c~n p r u d ~~c tion  ~u t p _ t  d u o

t h i s  p_ sot (Figs. ~9 and 2~~ Ho wever , the naio r su~m l  icr  of st e e A  ,

is the  o nly  s t ee l  supp l i e r , has a great  ~n f1uenc e  on the fir ra ’ s :roouct~~un .

This is illustrated in Fig . 20 where at t i I I ’C S  the p lunt wo~ iu cal’,’ L o t i ~~ :

between SO and 6U~I of purchase requests (oroers) . Thos illust rate s ton

importance of suppliers to any produ c t~~c n  op er a t i o a ;  no p l a nt  i~ se~~: -c ,~~f i

Case D - 2 5 ~ Reducti~cn ~. n N a turai Gas

The agreement with this plant to supply spec iulioce cable wa— , er.:o~’e~. :n.to

in 1968 (to be terminated in 1970). No other communioat~ on has •)ccurcc~

between the plant representative and the Air Force/DOD. Since this t a t e ,

t~~lor  changes hav e been made in the p roduc t ion  f a c i l i t i e s ;  In f a c t , o r e  an-

portant productton process has been d i s con t inued  that  ~as necessary  for

produ ction of the Form Ull 1519 requests. ~Ianagement expressly st,~t 4d  t H at

f i r s t , they do not have any commitment to the  1 , P~ poogram , cnd second , th ey

cod e not even meet the Form DO 1519 reques t  -u n l e s s  ba s i c  p roduc t ion  e-q~ i p-

meat was obtained . ~ita present production facilities , this product cannot

be produced in the plant,

The most important source of energy in th is plant is electricit y , ~ith

all elec tr ica l  equipment being 3-phase. A large number of d~ ffereat types

of r aW materials are required--aluninurt , steel , paper , copper , and p i -u s t i C S .

These are obtained throughout the United States and shipped into the plan:

by r~ i1 and truck .

The f - u c t  t ha t  t h i s  p lan t  is hi g h ly  dependent  on supplies produced

th roug hout  the  Uni t ed  States creates p~ob 1em s in n ee t ing  pro~~ c t a c n  g o a l s .

Two reasons ire (1) the t~n e of su~’pi ies required wa~ ch de~osnd lao ~ e ~ ul~ cL- s

of energy during pruiect i o n , and (2~ the transportation t,ctnud -used ar - i

the distance.
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Since tn’ h ”-’- HP l~~l P r -P - ,~u c s t e ~, o n ly  ii sn -al l v o u ~.~c of the plant ’s

‘- tout and t Ic item could a-’-: he pnoLirra- ’-J , 1~~I re cests s-er -,- ornit ~~ r: from

he ru in I vs I s . Ho w e v e r , ~ h r  . SA ° nrnvided so-- c i a r-rest ing rosa It s (P

and 22) . The a n n  lv 5 i s was for a PSi  reduct inn n a t u r a l  gas , caa s c: ,~,

n-- raduct c0 proh i on-’: a c~t -n i ’”d icrs. ‘ first , ~evp-n~ cu~ T l yarn en-aId not

~tij p  volume s ordered ; however , cv—ie r~ and s~ igments eventually became close

exceot for one m anlier , which was r°— ie to s - -p I -mIs- h ct w ee n  251 to SIt

of orders (F igu re  ~1) .  T h i s  created a r e a l  ‘ricklog af orders from c u s t r e r u r ’-

Case P - 30°a Reduction in E’ectricitv

The plant is a sm~il1 . highl y streci a ]  izecl ma chine shop n r o d - a c i ” p  high

p r e c i s i o n  n a r t s  m a i l for t oe  a i r c r a f t  i n d u s t r y .  This  p lan t  was cna ’ac ted

l as t  year  concern e rct  c h a ng e s  t h a t  n - m it  a f fe c t  t h e  recu es t  on Form PP 1519.

It  is  obv iou s that t u e  fmi r n -  had ~r .itja1lv b een er enared  an -i g i v e r ,  con-

s ide rable  thought and a c t a v e l v  main ’ a m e d  ‘-v ~~~~ 1anag-c~ en: and flO~ .

A 1  rn a i - er i a l s  are t r an sp o r t e d  i n  and eu~ of l i e  p la n t  ha tru ck- . The

raw m a t e r i a l s  are of hi gh qua it 1- ~t e a l  an d a re ret pr od’~ced in t h e  reg ion

but are o b t a i n e d  at  c o n s i d e r a b l e  d i st a n c e  fr an -  the  p ’- in t .  P o n s c - t u e n t l v ,

r a n a ge rnen t  is v e r y  concerned  about adequate sapp li e s of raw ‘— a t e r i a l s  dun ”-

any tvn-a of ernergenrt y becau se  of t he  tap e ‘-eanired an d the - J i c t a n c e .

m a l o r  power r e o - i i r e -n e n :  of t h e  p l a n t  is e l e c t r i c i ty , w i t h  LP gas ‘used for

heating .

A°ter a 39t reduction in electricity , t h i s  p l an t  was able to m a in t al ”

only minima l production act -v ity. Actuall y , for a ] ’  p - m : c t i c a i  p a -noses , t i m e

p l a n t  was unable to  c a r r y  on production . It was unable to make shipm ents

to either IPP or customers ( F - g u n - e s  25 , 24, an d 25).
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Case F - ~pe R e d u c t i o n  in E l e c t r i ci t y

This  plant m a n u f a c t u r e s  h i g h  qua l it y production tools r 1r irmd - r~~:rv ,

and t he  Form PH 11- 19 is for cn ’ec ia l i : ed  nroduction tools. 1-he m e a n e s t

was prepared 8 years ago and has not bc-en undated ; to t~-e manager it is

o u t - o f - d a t e  and u s e l e s s , - u st  another n i e c e  of govern cot paper for  r.o”e-ar e

to handle.

Elec tr ic i ty i s the sour ce of pcw’-r for nroduction . Heating r e q u i r e m en t s

are met by LP gas p lus a smal l rL’aount of oil used for heat treating .

Mater ials are shinped in and out by truck.

The management is very concerned about the problem s they would be

confronted with during an energy crisis , for th e following reasons: First ,

electricity is a very critical  power requ irem en t and the plant equinneot

cannot operate duting wrowrout periods. Second , this plant is supplied by

f i rm s on t h e  east coast and overseas . Third , supp li es used by this plant

involve large vol um es of energy during their production and are obta Ined

from regions where even today there is a shortage of energy. Fourth , this

p lan t ’s requiremen ts are a small volume of the suppliers ’ production;

because of this  and the grea t dis tance , manage m en t believes tha t du r ing an

energy shortage their orders would he ignored or would be the last to ‘cc

f i l led .

The plant’ s reaction to a 30% reduction ir electrical energy was

similar to that of Case F. Production was ins i g n i f i c a n t  compared to o r d e r s

and backlog orders . In add ition , IPP shi pments could not be made on schedule.

Even after a period of ac’instirent to energy reduction , the output declined

further. After the fourth period , no shi pments were m ade to customers

(Figures 26, 27, and 28).
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A l  1 procedures . n’omlels , s vs t  ems . a’ c . , devel 000’. . to  en: ’s- w : t °  a given

o to provide in - - ~at ion have vmm ri ou s mi egrc- c- -~ of 1inm i~~ t ions -

(s-i’sequent ]v . in atili zing these technique s , it is in-’ior~ ant that tuec~c

limitations be recogo: rod b t ime users a n d  r-ccmr ’Its interpreted w:tI’m tie ’- jr

mind . When limitations are either unrecognized or i gnored  ‘cv t h e  user  in

analvz~ ng and interpreting the results , then in  a p p ly i n g  r e s u l t s  of ~h e a e

t e c -n ’ques  in t h e  dec i s ion -mak ing  process , se r iou s c-mn~- ’ ons ace -ar  and ‘a n-

f o r t un a t e ly , t h e  mro h le m s occur in a gec ’n -e~ r c  f a sh i o n . As a result ,

c r i t i c i s m  is d ir e c t e d  toward the  techr :a-je u t i l i z e d  r a t h e r  than  to  the way

t h e r e s u l t s  were  i n t e r p r e t e d  w i t h o u t eva l - a : l t : ng  the ’- i’m r e l a t i o n  to the

s t a t ed  l i m i t a t i o n s .  I t  is e s sen t i a l  that limitations be set f o r th  an d  t h e

reader and u s e r  realize tPe mrn ortar,c-’- of thc - n - . Th e a’i nr l i ’ - t a t i o n - s  °f

the ESA° are surs-iarired as follows:

1. The system devel ened for the pro~ oct w a s  dete~~ inIst m c , w h i c h  does r o t

pe~~~it the  a d di t i o n  of d a t a  dur ing  the  period . Certa cniv there are

advan tages  to  adding data du r ing  the  p e r iod , because in the real wu rld ,

additional information is C o n st a n t ly  b e c o m i n g  a v a i l a b l e  to  m a n a g e — c o t

which is v-~ l ua b l e  in making curront decisions and readius img res t

decisions and n ’ans . However , for t h e  12 per iods  u t i l i : e d  in th e  prog’-a’-,

it was deserminpd that additional infer’—atjon would not be availa w le

to alter in-nu t information .

2. Seasonal variations , c y cl i c a l chan g es , e t c .  m i r e  n o t  inc luded in the

system . These can he added , which would n-ale the anal y sis more real-

i~ Ic to ‘esi ’! world cond j ions.

3. There is a lack of p reha b ilitv dist ribu tions utilize d extensive ly in

th e system . A g~~r . I t e r  u se  of ‘10 0 te  Carlo distributions would m ;ike the

output closer to ac tual real w o r l d  ev°nts.

J
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4. lu c r e i s  luck - o~ i U t C  t e~~t ~~I t o  V~~~ ~~~ - L a  t~~ C ra~~e~~u r c .  l - t ~~ z~e

t e s t i n g  Deed S t o  oe accomp lished , u~ inr~ va:ious alternatives ama cur-

b a n at i o n s  of er c r - v  reduction.

5. It must be recogn~ aed t!rat da ta  and infc niiatior 1 for tne deveiop~ r.~

te sting of the Proc edure was a~ m~ ted to a ss.aii .alImoer of Id?  frrm s

located in the Midwestern ieg ion of the Jnited States.

CA ’f tUO R I CAI . F I S~~:t-f:S -

These fi nd :ng s are basea on the Energy System s Analysis Proceaac~

(ESAP) of firm s having IPP programs surveyed , ranging froa i:ght fabric~ :ion

plants to basic production plants.

I . The cr it i c~~i factor c c e s~~ r~ r c uu cea  p i~~nt  ou tpu t  is l a c k  of m a t e r~~a i s

from suppliers wh i c h  r equ i re  hi g h energy usag e n their  p ro duc t -man .

From the  ana ’y s is , one or t~~u su p p l i e r s  f rom c~~st ~~nt  r e g a c a s  ~.\ cr :n-

e U st e r n U . S . )  ca~ scc m a j o r  r euu~a t a o~~ of o u t p ~ t ~ n t a u s e  p l a n t s .

2 . d i a n t s  r a v e  m ade  provis os for  s t a ra r l~y - ener gy  sa~m-c es far  n e a t i n g

purposes; hoarver , no s:arruh~— is ar ’ . r l 1~~b le  fo r  e l ec t r i c al  power

which is especia lly airpor~~ nt to these plants since “broa~ cu t s ’ ’  w ill

cause real problem s.

• 3 . R e s u l t s  for the  prog r~on arc  I aritee to a one-year mrilv sis , becaUs-r

firm s can rauke major c~m Ia ~~~m I c -ucla  a yc ir t o  cony  a~ th energy shor~ agcs -

4. l?P program s for most farm s are Out -of-date , as they have not been

I i O l ij tC~ i and reviewea P C T i U U  c.~ ly. Plants mav e ~du ed and droppe~

produc t on t a C i  ;il C5 ~ na C.~~I rgL~ t e C f l i~~~~ ~ a o a — h u ~ since I°P ~ .r ey a

ac re p r c p a ;c a .

S . ~i . Inv  f l ew  ) r u-ma c t l u r l  t .li t ics i l l  th e arcu ~rc TiOt L~~u~~ eO i O  i r d  ~~~~~~~~~~~~

- 4 - - - ~~~- 
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- 

t ’ c  : ‘i ’  :‘rogr:cr s f e e l  t~ ‘ t h e  A i r  Forc e/ l I la l

l a cks  i n t e rest  in t h i - s c -  prv~’— a ” s  ‘co c a - i s o  of t h e  t m-e r  c -amni i r ~i c a t i  ou

w i t h  them ; ~i-ore fore , rna n a r ’ ( r r Ic r - r  does not fec- I a r m y  c ”--~-’- r ~n ’ - — t  n On-’ -

reourrer rcr~ts , only to theli - r~e r ’ i t i a  cu~~~e---er~~.

P . l0an:myemcm’z is va ” - - concerned  :‘}‘-~- :t  our rat I ~,n a 1 defense and feels

i-~m e d i a t e  act ‘on m u s t  be t a k e n , because  at the present  t ime  no one

knows the i rmd’astrv ’s ctr engzh -~ nod w e ak n e s s e s .

8. Energy is the most  bas i c  r e source  in our produc t  on c~’st e’- . ~~i ’~~-~~- t

adequate suonlies of energy in our prc  sen t  ir i ghlv or-h n ol n- -~~ca sv

product ion  cannot  be m a i n t a i n e d .

9. When electrical newer drops to around 2-HI ’ n - r e d u c t i o n  — sam ’ be ~~r-’ ecl

in n-os pman~ s, especa n alv t a c ’e  r e q ’a i r r r ig p r e c i s i on -  wc d in g , e t c .

R5CH”1~IEND5TH k’S~.S Pc-k TIiH 05j\l ’  T\ AIR FORCE IHP PROGPAMS

1. Anal ci s  of ti- c e f f e c t s  of ene rgy  r e d u c t i o n  on t h e  f i r m ’ s p rod e c t ior -

canahilities ii i  co’-oa r ison  to o t h e r  f ir m s  i n  the irrdrr ~ trv .

2. Heterminatior- of which product ion f a c i li t i e s  in  the  lIT prograa i-re

utilizi n-g energy most eff~ ciont 1 y.

3. Provision of needed information ~or selecting production facilit ies

for ‘n-P programs.

• It~~ Fstahlishrz ent of benchmarks measuring bow product on will 1-e ;~~ fe c te d

during energy  r educ t ions .

S. This  a na l y s i s  w i l l  g ive firms an ~dea of what  f a c t o r s  w i l l  i ’rm ° ’a i ly

limi t their production capabilities dur ing va~~ic’u s trrncs o~ en c -h :~

reductions. Then DOT) may encourage fimm~ either t o  prepare fo r  al erra-

t i ve  en ’r gy  s o u r c e s  or drop n o n - co o p e r a t in g  f i rm s  from t h e i r  IPH n-rn- r:ea.

(‘. Assistance in determining a - hm ~t YIP mupn lies wi ll he in c r i t i c a l  ch or ’ ac :e

and need t o  he st o c k - p r  led ‘cv I 1Pfl .

is . 
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\1~~~I~t Ii kh1 1O\~ i~OO Tl ’a1YglhG lIil l i p  i’ROC r cka~

1~ It has been amp1v demonst rated t } r 1 t m ,uc ~~c-tv and irdastry have not yet

adopted energy efficiency and conservatIon practices. howecc-r , the

~ov ernn ent cannOt expect tndustry and soc ie ty  t u  p ract Ice errer~~a con-

servation 0od ce duct ~~on if ~t does not adopt such pr a c t i c e s  ~t sc f .

Th e U .S .  A i r  Force r u s t  ii 1ke ch a n g es  and sOnS how these  ch a n g e s  con-

t r i b u t e  to Inc rea se -a  c f fi c ~ emcy thrmagn she IPP program . The A s -  Force

m u s t  t ak e  the  lead ing role in this area , similar to th e  Space T e c i r i r o l o g y

program in which space technology has been adapted to commercial  u se s .

2. It is true that during World War II, U.S. industry was able to r e spond

very quickly. This was due to severa l conditions t hat  are not t rue

t o i a y ,  such as:

A. Industry generall y was a one-shift operation until ~or d i~ar I I ,

when it ~ast added additiona l shifts. Today-, rrowc’vcr , Industry

must  r o u t i n e l y  operate t~ o or three sh i f t s  to obtain aaequat e

returns on investment.

B. In many cases, industry was unuerc~ pitalIz ea ; by adding capi ta l

equipment , production output increased consIderably. Today this

is not the situation , as most indus t r ia l  f i rms have adequate

• capital equipment.

C. irurin g World War II , more efficient use of external resources aOl

r u d e , i.e., the transportation system . Today , industry aircacy

makes very efficient use of these systems , such as shipment by a:r

freight for sonre critical supp lies.

The Air Force must obtair- info~-ma ti on concerning the effects ~f energy

on IPP p lan ts  ~rs.;;e-~ m~te ly ,  i r a c a use i ndu s t r y  is operatieg  C i O S C  to a

riurg in which uocs not I row f r  major ir. creasei~ i n  either output or

cha nges product types , and iruostry is scii sitive to changes , i.e.,

energy, to  w h i c h  i t  reacts  immedia te ly .



_ _

the F m k A l  n i - ov ides  a r o t - g e  of what  Ai r  Force planne r C a l l  cx ’- - c t  fci --

va r iou s types of energy red u ct i on ; however , f o l l o w - r u  work need s m o  he

done  to  ‘m ake it clo~’er to r i - a l  - -wor ld  cond i t i o n s . Recom mended c h a n i - e m -

i n c m u d e  s e a s o n a l  mi n d c y c l i c a l  var iati on s and more probability di r-tri hmc -

t in - a s .

4. The ESAP should he n-er-formed for all Air Force IPP firms in a

Reg ion to determine hew energy- reduction affects IPP tarts in the region.

Later , the Procedu r e would i n v o l v e  a l l  Fede r a l  Reg io n s hnv~ ng Ai r  Ic-a c ’

I P P  plants , then imt er , all DOD facilities.

5. This Procedure should be emnioved to evaluate the effect of energy on

all now proposed weapon systems. This would de ’- cririne which IPP

p lan t s  would be expected to experience production problem s in mee tIng

commitmentS.

6. Because production capabilities of IN’ plants are charging throug h ne-i

equipment , more efficient energy utilization , new t e c h n o l o gy , raw

mater ia l s , e t c . ,  the  Procedure should be atilized each year when °orn

1519 is prepared .

7. The situation requires a mere active in t erest by t h e  Air  Force and POP

in IPP programs, for tire following reasons:

A. Many IPP program s are o u t - o f - da t e , as they have not been rev 1 ewod

for many years.

B. Plants have changed production facilities and their technical

know-how during the past 3-5 years or since an IPP su~voy was m ade.

C. Many new efficient nrc-d iction facilities are not presentl y

involved in IPP program s.

D. Management of firm s with IPP programs feel that the Air Force/DOD

lacks interest in them e program s - c o m m u n i c a t i o n  needs i m p r o v i n g .

- ~~~~~~~~~~~~~~~~~~~~~~ 
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1 At  p r e s en t  IP~ ; 1 ~- r t  s de r~~ t i - c e  an energy pr i o r i t y ,  e ve r -  dur~ iIg lii

eIr er~he-
ncy . Ti~ -r efor e , t oe  A i r  Force anu DOD should work to enact ar

e n e r gy  p r 1o r i t y  sys t em for IPP plants it  the U. S. a lloca t a un progr am .

Ri3 (k~t MLNPA’JO\ ~~ dCR __IMPh EMEkTI _NG dR OCEDL’kE

There are several acreotable a1tcrnat~ ve methods ava~ labie sn irip i c-nt -

ing the system , and each method has a d v a n t a g e s  ama disadvantages. The

recomnrend ea fc-rrnat for ar saernentlng the ESAP pro1-ides the  cost faex~ b iii ty

for fu r the r  e v u l u a t t o n  and n ak sng  changes ir- the dro cema ce .  The f o i l o w ~ rg

format is recommended ~Fi gur a 211):

Phase 1. Re-evaluate Procedure and implement changes to avoid the

major limitations i n  the present Procedure. These would include

adding probability distributions to make the system reflect real

world conditions more closely.

Phase 2. Perform additional testing of the procedure to vuilcat e tir e

method . Data is now available from the :976—77 energy crisis to

test and com plare output with actual events. This wI ll pr oviue

an ideal comparison of activities of IPP plants ~ith the ESAP

output.

Phase 3. Gather case studies of f i r m s and industr ies to obtain in-

depth evaluation and comparison of both actual real-world results

and ESAP results.

d h a se 4 .  U t i l i z e  the ESAP to determine the effects of energy reduction

on IPP plants producing materiel and corapor erits for U.S. Aa c Force

weapon systems.

Phase 5. Utilize system for o h  U.S. Air Force 1PP plants to Jetcrm~ r-c

the effects of energy reduction on their capabilities to produce

com m i t t e d  U .S .  A i r  Force •ij t e r i e l  in n  components .
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Pi rase~~~. Inc - I ca,er:t svst c-n T mi r rarid - out iOu networr. of I PP g i a n T . s

for : r i  1 nI- . weapon sy’acems pronosLm 4- -

k1mCO~1MdNDATnONS FOR P g l ~kh Sl’gi)’~

‘ire IiSAP proc lIeS infoinu~c iOO tO acte4~m mrne the e fe c t s  of en e r g y  red-.c-

tiofl on iiPP p lants. l~:ch this inforjrrat~ on a-.’ailuLle t a -  dec i s i o n m ak e r s ,

goal s con ne established tot energy corisec -vut nor. , er-ec -gy recovery, altec-na-

t i v e  e n e r g y  sources , c-ow m i a t e r i a l  s a i c s t i t ~~o~ es , 4 - . u  d i f f e r e n t  pr- - m a t S  a d

processes. AL of these are v i t a l  .g i t e n - r a T .  ives and m ,~u St  be considered to

achiev e th e  s tated goa l s .  De cis ion  m a k e r ~ cru st kn ow w h a t  e f f ec t s  energy

romact ton w il l have on pa-oduction and on the i d i  plants ’ suppliers. The

ESAP pro~’ dcs ir-fonaagion to uccasion mowers of ‘n,ae tyne necessary to mahe

f e i s d c- n c  ad~ u s t m e :t s .

‘:1 0 f o l l o w i ng spec i fic  i- e a c m i~~ e n d ut  ro n i - a er narc ~tcr research are:

1. n~ -evn uate one corr ect i c-OC~~U~~;c- t o  .- a o n u  l~~~i tat~ ons n oted p : evcn~~s y .

2. Pe r f o r m  a d d i t i on a c  t est  m a g  of the sy stem using data from IPP p l a n t s

in a given Federal Reg ion mad for a particular weapon system utili :ing

di f fe ren t  c omb i n a t i on s  of possible energy’ reda ctrons.

This wil l first involve a case study approach of Id?  firr ;, s ann

industry, coac-aring ~rnd ev a iu-rt ;ng past activtties. It saditior ., inputs

w i l l  be provided c o n c e r n in g  v.riou s other aspects of the id ?  g i a n t s

and indust ry  t ha t  may liant the firm s ’ capabilities in responding to

the1c connri tra c-nts.

One 1 e u  t h , r t  ~mi~ st Oil l O c i u 0 0 0  in l i n e  ~~~~~~~~~~~~~~~~~~~~

mjnerals are  ae dorc .ing  in sn o r t supply  0101 t h m a  m i g h t  i l t it  1 P 0  p l a n t s ’

am • n , i - b i i i t i c s  ~r . c - i~~I n g  c o m m i t m e n t s .  h i s  may 0cc-ar in the t a r v  n c~.r

I nIece and need s no he c o ns i d e r e d  in the a na ly s i s . r~u r i r . g  t h n s  ~~~iii~~~ C

of t h e  m ; t u d y ,  i n f o r m a ti on  nn4n be ob t a ined  to I I m C ~~~ 0 I a  tn~~- in the Procedm~.-e.

~JILric~~



F ~~

, -

f r~~’ t h e  I??’ - ots for a part color w~~- m r : o I : m  -vstom s - mu he

ci”mpiired and evaluated wi th I 1 u t m I  f rom th e  I97~~— P T  ene rgy  c r i s i s .

4. h va nir it c -\ m - I ’o-ce/POD nod ic-v for effect ivod y and effi cient v

t-’-nle ’-e- ’ting -l\’ - T o n .
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APPENDIX B

LISTING OF VARIABLE DEFINITIONS

ARRAY VARIABLES

ACOAL quantity of coal available each period

AELECT quantity of electricity available each period

ALP quantity of LP gas ava i lable each period

ANG quantity of natural gas a~vailable each period

AOIL quantity of oil available each period

BLGDOD number of unfilled DOD requests each period

BLGSAL number of unfi lled orders each period

DODSHP number of products shipped for DOD use each period

INVSHP number of products shipped each period

ORDERS number of orders received each period

PURORD supplies ordered each period

RMINV raw material inventory, current

RI4U amount of raw material required to manufacture one unit

RHUSE amount of raw material used each period

SUPSHP supplies received each period

UPUROR supplies ordered and not received

CONSTANTS

FUEL BTU per uni t of fuel

IY initia l value for random number generator

SRCLNG fuel substitution ratios , coal to natural gas

SRCLOL fuel substitution ratios , coal to oil

SRELNG fuel substitution ratios , electricity to natural gas

_______________________________________________________________________________________________ _________—



SRELOL fuel substitution ratios, electricity to oil

SROLNG fuel substitution ratios , oil to natural gas

TRANS fuel required per ton mile

I/O VARIABLES

AVDIST distance from supplier

AVEORD average number of products ordered from manufacturer per period

BLGSAI. backlog on orders received

CAP number of units you normally order from suppl ier

CCOAL change in coal available

CELECT change in electricity available

CLP change in LP gas available

CNG change in natural gas available

COIL change in oil availabl e

DIESEL quanti ty of diesel fuel available for transportation

DIST average distance manufacturer ’s products are shipped

DODCOM number of products cocrinitted to DOD production

EQAGE average age of production equipment

IFUEL fuel used to heat plant

INONE number of companies to be processed

INVSHP f inished products shipped

LIRANS method of transportation

MPN product code number

NU~T1AT number of raw materials requ.i.red

N1JMSUP number of suppliers for raw material

ORDERS number of products ordered f rom manufacturer this period

PCD percent of suppliers output ordered by manufacturer 

- ± — L ~~~ 1~~ ~~~~~~~~~~~~~~ 
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3

PCLNG capability to substitute coal for natural gas

PCLOL capability to substitute coal for oil

PELNG capability to substitute electricity for natural gas

PELOL capability to substitute electricity for oil

POLNG capability to substitute oil for natural gas

PRODCY production cycle time

PRODI4T weight of one unit

PROD1 - name of your product

PROD4

QCOAL quantity of coal

QELECT quantity of electricity

QLP quantity of LP gas

QNG quantity of natural gas

QOIL quantity of oil

RCOAL quantity of coal required to produce “CAP” units

RELECT quantity of electricity required to produce “CAP ” units

RLP quanti ty of LP gas required to produce “CAP” units

RNG quantity of natural gas required to produce “CAP~ units

ROIL quantity of oil required to produce “CAP” units

RMINV raw material inventory at the beginning of the period

RMU amount of raw material required per product

SCOAL quantity of coal availabl e to supplier for production

SELECT quanti ty of electricity available to supplier for production

SLP quantity of LP gas availa ble’ to supplier for production

SNG quantity of natural gas availabl e to supplier for production

SOIL quantity of oil available to supplier for production

~~~~~~~~~~~~ -~~~~~~~~~~~~~
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SPACE area of plant

SPNCL special (non-production) coal requirements

SPNEL special (non-production ) electricity requirements

SPNLP special (non—oroduction) U’ gas requirements

SPNNG special (non—production) natural gas requirements

SPNOIL special (non—production ) oil requirements

SUPI - name of supplier

SUP4

UNITS number of units normally produced

VARIABLES

AFUEL fuel required to transport goods

ANCOAL quantity of extra coal used as a substitute fuel

ANELCT quantity of extra electricity used as a substi tute fuel

ANNG quanti ty of natural gas needed for normal production

ANOIL quantity of oil needed for normal production

ANOL quantity of extra oil used as a substitute fuel

BTU BTU of energy required to heat plant (SPACE)

CAPPER percent of supplies ordered which were manufactured

CLNG BTU equivalent of natural gas available from extra electricity

CLOIL 811.3 equivalent of oil available from extra coal

DEl equipment deterioration factor (EQAGE)

DUNIT delta unit. . .actual output - capacity

EFACT efficiency delay factor

ELNG BTIJ equivalent of natural gas availabl e from extra electricity

ELIOL BTU equivalent of oil available from extra electricity

-~~~ I -
~~ 
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ENCAP supplier capacity based on available fuel quantities

ENPROD production output based on plant capacity (UNITS)

ENTRAN number of products transported

EXCOAL extra coal.. .availabl e - required

EXELCT extra electricity.. .availabl e - required

EXNG extra natural gas. . .available - required

EXOIL extra oil. ..available - required

FACT2 response delay to DOD coninitment

FIN production output based on available fuel quantities

FINOUT final output capability

I loop control variabl e for number of supplies

,IFLAG transfer control variable.. .based on product codes

INV quantity of finished goods in inventory

I P  output variabl e - quantity of raw material ordered

IS output variabl e - quantity of raw material shipped

JFUEL array position of fuel type (IFUEL)

JTRANS array position of production transportation type (LTRANS )

KTRANS array position of supplier transportation type (LTRANS)

LPN contains product code number last processed

N period number with respect to calendar (NPER-2)

NECFUL quantity of fuel required for heating

NPER period number with respect to program

NUM number of suppliers per supply

NUMCOM loop control variable for number of companies

OLNG BTU equivalent of natural gas availabl e from extra oil

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~~. 
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OUTPUT output based on efficiency delay

PERDEL delay factor for supplies received

REDBLG reduction factor for products on backlog

REDCOL actual reduction of coal on change input (CCOAL)

REDELT actual reduction of electricity on change input (CELECT)

REDLP actual reduction of LP gas on change input (CLP)

REDNG actual reduction of natural gas on change input (CNG)

REDOIL actual reduction of oil on change i nput (COIL)

REDPUR reduction factor for supplies on backlog

SCAP suppliers capacity.. .sunination per supply

SCAPER percent of supplies ordered which were shipped

SHORT percent of necessary fuel not available

SHPDEL delay in receiving goods from suppliers

SMALL limiting supply in production process

SOUT suppliers output.. .sumatlon per supply

STOCK current raw material inventory

SUM sumation of shlppl’ig delays (SHPDEL) per supply

SUPLYS amount of raw material necessary for normal production

UCOAL quanti ty of coal required to produce one unit

UELECT quanti ty of electricity required to produce one unit

ULP quantity of LP gas required to produce one unit

UNG quantity of natural gas required to produce one unit

UOIL quantity of oil required to produce one unit

USE amount of raw material used thi s period

—
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Questionnaire on “Impact of Energy Shortages on Industrial Preparedness Planning
Program s”

Units: Coal/Ton
Natural Gas/Cubic Feet
Oil/Gallon
Electricity/KWH
LP Gas/Gallon

Nam e of Company___________________________________________________________________

Name of Product__________________________________________________________________________

Number of Units Normally Produced Per Year_________________________________________

Number of Units Ordered From You 2 Months Ago__________ Last Month 
—

Average Number of Units Ordered From You Per Month___________________________________

Number of Products Shipped Last Month__________ Backlog of Shipments Last Month_____

Average Distance Products are Shipped________________________________________________

Number of Products Committed to DOD (Form 1519) Production Cycle (Mo.)

Average Age of Production Equipment (Years)_________

Does the plant have any special fuel requirements that have priority over general
operations? Indicate amounts:

Coal 
__________ 

Electricity 
__________

Natural Gas 
__________ 

LP Gas 
___________

Oil 
___________

Most Common Method of Transportation Used (Air , Rail , Truck , Barge) ______________

Total Amount of Fuel Consumed Per Year :

Coal 
___________ 

Electricity 
___________

Natural Gas 
__________ 

LP Gas 
__________

Oil 
__________

Indicate Type and Amount of Fuel Consumed Per Year for Heating 
______________________

Indicate Type and Amount of Fuel Consumed Per Year for Cooling 
_____________________

~~~~ ~~~~~~~~~ ~~~~~~
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Can you make the following Fuel Substitutions immediately?

Coal for Oil (Yes)_____ (No) 
_____

Electricity for Oil (Yes)_____ (No) 
—

Coal for Natural Gas (Yes)_____ (No) 
_____

Elec tricity for
Natural Gas (Yes) _____ (No) 

_____

Oil for Natural Gas (Yes)_____ (No) 
_____

Raw Materials you use

Type of Raw Material: 
___________ ___________ ___________ ___________ ___________

Number Used/Year ____________ —___________ ____________ ____________ ____________

Ày. Raw Material
Inventory Beginning
of Month 

____________ ____________ ____________ ____________ ____________

Quantity Raw Material
Used t~~ Produce One
Product 

___________ ___________ ___________ ___________ ___________

Method of Percentage of
Transportation Supplier ’s

Kind of Raw Supplier’s Supplier ’s No. Units Used by Output You
Material Name Location Ordered/Year Supplier_ Order

I

~~a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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