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FOREWORD

The enclosed work is based upon our previous research
during this fiscal year, contained in "Construction of
Energy Conservation Scenarios: Interim Report of Work in
Progress", LBL 7834, June 1978. The focus of our current
work was determined in consultation with the Director and
staff of the Conservation and Advanced Energy Systems Pol-
icy Office, DOE, following their review of our interim
report., At that point we agreed on several guidelines for
our subsequent work:

1. Take a wholistic view of energy conservation poli-

cies by describing the overall system in which they

are implemented;

2., Provide analytical tools and sufficiently disag-

gregated data Dbases that can be adapted to anwer a

variety of questions by the users;

3. Identify and discuss some of the important issues

behind successful energy conservation policy;

4, Develop an energy conservation policy in depth.

In addition to these guidelines, we selected five
subjects to investigate.

1. Recycling: an analysis of the energy, economic,

and environmental tradeoffs between landfill and com-

bined programs of resource recovery and energy gen-

eration from waste,

2. Industrial Decision-Making: a methodology to

identify potential barriers to energy conservation by

analyzing how a conservation measure's attributes

interact with the characteristics of an industrial
subsector. :

3. Recreational Travel: information strategies to
effect a modal shift ¢to public transit for the
recreational trip.

4, Residential and Commercial Buildings: an examina-
tion of court cases against new energy efficient
building codes and suggestions for avoiding future
litigation.

5. End Use Energy Conservation Data Base: completion
of energy conservation scenarios by calculating the
energy conservation potential of specific measures
applicable to particular end uses.

Our current work results from the application of the
overall guidelines to the above subjects. For example, we
have described the system in which each policy or issue is
set by the use of flowcharts and accompanying text. In
some cases, the flowchart describes a physical activity
(constructing buildings or recycling waste materials). 1In
other cases, 1t describes a decision-making process
(industrial investment or transportation modal choice).
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We have provided disaggregated quantitative data wherever
théey are relevant--recycling, recreational travel, indus-
trial decision-making, and the end use scenarios. We have
discussed several policy issues for which these data are
relevant: . :
1. What are the tradeoffs between landfill and com-
bined resource recovery-garbage to energy programs.
2. What are the stated and underlying causes of law
suits against building codes.
3. How can the present modal distribution that 1is
heavily weighted toward the automobile be shifted to
public transit for the recreational trip.
4y, What are the conditions that present barriers to
energy conservation investment in the industrial sec-
tor.

In the case of recreational travel, we have developed
a specific policy to link national parks with public tran-
sit.

Our results for each of the five subjects are bound
separately; the subjects do not readily lend themselves to
integration and the DQE staff did not think it would be
useful to attempt one. We have issued a separate summary
volume for those who want an overview of all the subjects
investigated.
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SUMMARY

The industrial sector provides policy-makers with sub-
stantial opportunity for effecting energy conservation.
Each year decisions are made regarding investments 1in con-
servation measures that could substantially reduce energy
consumption. Many of +these decision outcomes could be
influenced by applying the appropriate government action--
financial incentives, regulatory restrictions, and/or infor-

- mation provision. Government intervention should be con-
fined, however, to situations where it is both necessary and
likely to bhe effective. To this end we have developed a

methodology to aid policy-makers in the recognition of such
situations and facilitate understanding of the barriers that
block conservation efforts.

The methodology employs two flow charts and a matrix.
The flow-charts detail the principal participants, informa-
tion flows, and criteria and constraints which underlie +the
investment decision-making process. The matrix expands upon
the set of criteria and constraints given in the flowcharts
and analyzes how characteristics of the particular sector
and attributes of the measure in question interact to form
barriers to conservation efforts.

Industrial decision-makers consider a number of factors
before deciding whether or not to invest in a conservation

measure. Bach factor or attribute can increase the likeli-
hood of a measure's adoption or pose a barrier to it. We
have identified seven primary attributes: '

1. Cost Effectiveness

2. Relative Cost

3. Unreliability (the expected unscheduled downtime)
4. Disruption to Install

5. Technical Sophistication Needed +to install the
measure

6. Environmental Impact

7. Change in Dependency of the firm on outside fuel
supplies

During a preliminary examination, it may appear that a
particular attribute increases the desirability of a given
conservation measure. For a particular industrial subsec-
tor, +there may exist, however, other factors--economic,
regulatory, or technical --which can alter the attribute’s
impact on the investment decision. We refer to these other
factors as subsector characteristics. and have identified
nine: ‘ :

1. Market Growth

2. Capital Intensity
3. Bnergy Intensity



Access to Credit

Rate of Return on Investment
Regulatory Restrictions

Age of Plant

Availability of Fuels
Technical Complexity

O 0~ O\ =

We have, therefore, broken down the investment decision
into a three stage analysis to include considerations of the
effects and interactions of attributes and characteristics.
First, decision-makers <consider the influences of the con-
.servation measure attributes on the desirabllity of imple-
menting the measure. Second, they estimate the impacts of
the industrial subsector characteristics on each attribute.
Finally, they re-evaluate +the influences of attributes in
light of the impact of characteristics.

To incorporate +this three stage analysis into our
methodology, we developed a matrix which arrays columns of
attributes againest rows of characteristics for the selected
conservation measure. First, each attributes is qualita-
tively rated high, medium, low or "+," "0O," "-." A low or
"+" rating indicates that the attribute increases the likel-
ihood of the investment. Any other rating denotes a poten-
tial barrier to implementation. Second, the effects of each
characteristic on the evaluation of each attribute is deter-
mined and either a "+," "0," or "-" is entered in every cell
of the matrix (i.e. the interface of an attribute and a

characteristic). A "+" rating means the interaction favors
1" "

.the_adoption -of the measurej--a- reating —denotes—a —poten=
tial Ybarrier. Finally, attribute columns can be examined
for "-" ratings which might alter the favorable impact of an
attribute on the investment decision. By inspecting the
matrix, one can determine:

1. Which conservation measures have no apparent bar-
riers in a given subsector and therefore require no
government action.

2. Which conservation measures have so many apparent
barriers in a given subsector that only massive govern-
ment intervention appears as a solution for achieving
implementation.

3. Which conservation measures are reasonable targets
for government policy after further investigation of
the barriers revealed by the methodology.

Policy-makers may then refer to +the flow charts +to
ascertain which participants in the decision-making process
are most likely to be concerned-with the particular barriers
which have Dbeen identified. By knowing the nature of bar-
riers and the identity of participants concerned with themn,
policy-makers can more easily select the most effective pol-
icy to influence the outcome of +the investment decision.
The final choice of an effective policy is not uniquely



determined by this analysis; rather, the set of choices is
reduced.

To test the methodology, we selected four conservation
measures--Improved Housekeeping, DNew Plant ' Construction,
Waste Heat Recovery, and Process Change/Major Renovation--
and three industrial subsectors in California--steel, chemi-
cals, and petroleum. The conservation measure attributes
describing Improved Housekeeping and New Plant Construction
were arrayed against subsector characteristics for the steel

and ‘chemical subsectors; attributes associated with Waste
Heat Recovery and Process Change were arrayed against the
chemical sector characteristics.

We found none of the conservation measures to be com-
pletely free of potential ©barriers requiring government
action. Improved Housekeeping (improvements in operating
and maintenance procedures in existing plants) however, has
only one attribute--Cost Effectiveness--which under prevail-
ing conditions +today, fails to increase the likelihood of
the measure's adoption in either the steel or chemical sub-
sector.

We found no measure to have so many barriers that only
massive government intervention could achieve implementa-
tion; they are all likely targets. Potential barriers indi-
cating the need for more quantitative work to decide if
governmental action should he taken are identified in indi-

x?

S vidual —matrix——cells (ive.in the attribute/characteristic

interfaces).

Matrices arraying conservation measure attributes
against subsector characteristics of the California steel
subsector were completed by staff who relied upon data found
in the literature and conversations with industry spokesmen.
Similar matrices for the chemical subsector were completed
by Mr. Richard W. Barnes, relying upon his thirty years of
experience in the chemical and petroleum subsectors plus
extensive consultations with industry contacts. The reason-
ing used by Mr. Barnes to complete the arrays and that used
by our staff were found to be quite similar. This suggests
that policy-makers also will be able to duplicate the think-
ing ©process engaged in by industrial decision-makers and be

successful in identifying potential barriers to conservation’

measures.

The second section of the report traces, with the aid

of flow charts, +the process of investment decisions. The

organizational structure is generalized and may vary consid-
erably, Dbut the functions 1indicated must be performed
regardless of firm size, degree of sophistication, or kind
of conservation measure. The flow charts and text portray
large corporations as the model for industrial organization
because such firms account for the bulk of industrial energy



use; an abbreviated discussion is provided for small firms.
The decision areas important for the installation of conser-
vation measures differ if ‘the equipment is to be retrofitted
or included 1n the design of new facilities; consequently,
two flow charts were formulated. The text in Section 2 pro-
vides guides for the charts.

At the far left side of each chart are listed
categories of major factors in the decision process; infor-
mation, actors, criteria & constraints, and motivations.
The horizontal headings of each chart--Concept Introduction
(or Conceptualization and Design), Analysis and Decision,
and Implementation--represent the three broad stages of the
decision process. The specific factors which are important
at each stage--who the actors are, which particular criteria
& constraints they apply, what their motivations are, and
what kind of information they receive--change as the deci-
sion process advances. The pertinent factors can be located
by examining the interfaces of factor categories and deci-
sion stages. In addition, the charts reveal the points 1n
the decision~making process at which policies can be
applied; given a particular obstacle +to conservation, the
charts suggest the most likely points and the general types
of policy to achieve successful implementation.




INTRODUCTION

The industrial sector consumes about forty percent of
the energy used both in California and in the nation.
Opportunities for conserving substantial amounts of energy
exist 1in industry, and decisions are made each year regard-
ing investment in conservation. Government policy (1) could
be formulated +to encourage conservation investments, but
government intervention should be limited to those situa-
tions where it is both necessary and likely to be effective.

Government policy-makers need to understand the process
of industrial decision-making 1if they wish to influence the
outcome of investment decisions. They need to know the sub-
sets of criteria and constraints applied by each participant
at each stage in the investment process. Policy-makers also
need to identify the factors or attributes of each conserva-
tlon measure which contribute to a decison being made not to
invest in a measure--i.e. they must be able to recognize the
barriers to implementation. Once the specific barriers .are
discovered, policy could be directed at overcoming them.
The type of governmental action needed would be determined
by the +type of barrier it is meant to surmount and also by
considerations of which participant in the investment pro-
cess the policy needs to impact.

To assist policy-makers in understanding the industrial
decision-making ©process and recognizing the factors which
prevent a measure's Dbeing adopted, we have developed a
methodology which can be applied to most conservation meas-
ures in all industrial subsectors. The methodology is sum-
marized in two flow charts and a matrix which are described
in Sections I & II respectively. The flow charts detail the
principal participants, information flows, and criteria and
constraints which underlie the decision process. They trace
the flow of ideas among decision-makers, from inception to
final approval or rejection of the measure being considered;
they also identify the subset of criteria and constraints
applied at each stage. The matrix summarizes our analysis
of how major factors pertaining to the sector and the con-
servation measure interact to form constraints on conserva-
tion efforts. The method cannot be used to make definitive
identification of barriers; rather it pinpoints areas vwhere
additional quantitative analysis is needed before barrier
identification can be confirmed.

(17 A discussion of the three major policy classes--
financial 1incentives, regulatory restrictions, and in-
formation provision--appears in our interim report,
Benenson et al. 1978: 115-117.



SECTION 1: A METHODOLOGY FOR THE IDENTIFICATION OF POTENTIAL
BARRIERS TO INDUSTRIAL ENERGY CONSERVATION

I. OBJECTIVES

One part of our methodology-the matrix-can be used +to
identify potential barriers to conservation efforts and more
specifically, to determine:

1) Which conservation measures in a given subsector

have no apparent Dbarriers +that require government

action. .

2) Which conservation measures have so many - barriers

in a given subsector that only massive government

intervention appears as a solution for achieving imple-
mentation.

3) Which conservation measures are reasonable targets

for government policy after further investigation of

the barriers revealed by the rethodology.

Most conservation measures can be grouped into six gen-
eral categories: '

1) Improved Housekeeping--improvements in operating and
"maintainence procedures in existing plants, such as
plugging leaks, installing insulation on exposed hot or
cold surfaces, and cleaning and servicing equipment
~more frequently.

2) Recycling--either reuse of in-plant wastes and
materials or use of used resources recovergd from the
waste stream in place of new stock.

3) Waste Heat Recovery--use of waste ©process heat to
provide useful heat in production processes at the same
plant. ' _

4) Process Change/Major Renovation--change in plant
logistics and replacement of some or all equipment.

5) New Plant Construction--addition of new capacity to
increase energy efficiency and to implement other con-
servation measures at lower total costs.

6) Cogeneration--simultaneous production of electricity
and process heat.

II. CONSERVATION MEASURE ATTRIBUTES

The process used by industrial decision-makers to
evaluate these conservation measures is highly complex and
partially subjective. We have 1identified seven primary
factors-~~or attributes--which affect the 1likelihood of a
conservation measure's being implemented:

1) Cost effectiveness--by far the most important



attribute. A measure is considered to be cost effective
if its apparent benefits outweigh its costs. If an
expensive conservation measure is not cost effective,
it is unlikely to be implemented even if the other
attributes favor implementation.

2) Relative Cost--some conservation measures require
huge capital expenditures while .other measures are
relatively inexpensive. - A1l other considerations being
equal, the larger +the required investment, the less
likely is a measure's implementation.

3) Unreliability--implementing an untested or unreli-
able conservation measure will increase unscheduled
‘downtime in production. The more unreliable a conser-
vation measure, the less likely is its implementation.
4) Disruption to Install--industry decision-makers are
concerned about how disruptive a conservation measure
will be to existing equipment, processes, and person-
nel. The greater the disruption of installation, the
less likely a measure 1s to be implemented.

5) Technical Sophistication Needed--if significant new
skills are required to successfully install or operate
a measure, the likelihood of installation is reduced.
6) Environmental Impact--industrial decision-makers
consider the impact of a conservation measure on exist-
ing pollution levels as well as the type and location
of additional pollution which will result; conservation
measures which reduce pollution levels are more likely
to be implemented.

7) Change . in Dependency on Outsiders--conservation

measures which preserve or expand the freedom of opera-
tion in a subsector are more likely to be implemented;
conservation measures increasing dependency on fuel
types which are rapidly becoming scarce or undesirable
are less likely to be implemented.

A negative evaluation of any one of these attributes
could pose a Dbarrier +to implementation. For example, if
installing a measure will be highly disruptive to production
or if a measure requires a great amount of technical sophis-
tication to be maintained, a firm may forgo investing in
conservation. In either case, the opposition to the measure
may arise from someone other than a top level management
person. The flowcharts can be used to determine which par-
ticipant in the decision process will be most 1likely to
oppose the measure, and 1in conjunction with a detailed
analysis of the barrier can be used to select +the type of
policy +to apply and the most effective point at which to
apply it.



ITT. TINDUSTRY SUBSECTOR CHARACTERISTICS

Even if an attribute appears to favor implementation,
there may be other factors--technical, regulatory, or
economic considerations peculiar to a subsector--which can
change a favorable evaluation into an unfavorable one.
These other factors we call subsector characteristics; we
have identified nine that are significant:

1) Rate of Market Growth--the projected rate of growth
of demand 1in a subsector will influence decisions on
adding more capacity. If expansion, requiring a siz-
able investment, 1s expected to be rapid in the near
future (5-10 years), there may be less willingness +to
devote corporate funds to conservation measures.

2) Capital Intensity--the higher +the capital inten-

sity, the more costly a major process change or retro-

fit is likely to be.

3) FEnergy Intensity--subsectors which are more energy

intensive provide a greater ©potential for accruing

benefits from a conservation measure.

4) Access to Credit--corporations may need to borrow

to implement conservation measures; the rate of

interest for loans and +the 1imits on borrowing are
important consideratins to industrial decision-makers.

5) Rate of Return on Investment--a high rate of return

on investment may increase the subsector's ability to

accept "risk";, however, a high rate of return will also
increase aversion to low-return activities.

6) Degree of Regulatory Restrictions--corporate

leaders-—are-—concerned over—environmental, safety, and
other government imposed constraints on industrial

options. Energy conservation measures are more likely
adopted if they simultaneously reduce fuel bills and
lessen levels of pollution. Those measures which

increase pollution levels or shift it to more unaccept-
able areas will be less likely to be implemented.

T)Age of Plant (Age/Nominal Life)--measures are less
likely to be implemented in plants which are nearing
the end of their useful service because equipment may
be replaced before the payback period for conservation
retrofits has been completed. ’

8) Availability of Fuels--~different fuel +types have
significantly different price, availability, and regu-
latory futures.

9) Level of Technical Complexity--the degree of inter-
dependence and sophistication among production and
operating activities within sectors affects the need
for reliable equipment and well-synchronized activi-
ties. Conservation measures are less likely to be
implemented in highly complex plants vwhere concern
exists over the compatability of +the measure with
existing systems and processes.



IV. THE THREE-STAGE APPROACH TO BARRIER IDENTIFICATION

To nunderstand +the way .conservation measures are
‘evaluated and to determine the likelihood of their implemen-
tation, we must look at a three stage effect:

1) The influences of the attributes on the desirabil-

ity of implementing the measure.

2) The impacts of the industrial subsector charac-

teristics on each attribute. ‘

3) A re-evaluation of the influences of attributes in

light of the impact of characteristics.
The following example illustrates the approach.

Assume decision-makers in a subsector are evaluating
the conservation measure "Waste Heat Recovery". As part of
their evaluation, the decision-makers will consider how
unreliable the conservation measure is--how much unscheduled
downtime in production can be expected to occur if the meas-
ure is adopted. The unreliability of "Waste Heat Recovery",
therefore, constitutes an attribute of +the conservation
measure. Suppose the "Unreliability" of a "Waste Heat
Recovery" is qualitatively judged to be "low" in comparison
with +the unreliability of other conservation measures. On
the basis of this information, the subsector decision-makers
would assess the attribute, "Unreliability" as increasing
the desirability of the conservation measure. Government
policy-makers might conclude that no barrier to implementa-

tion 1s posed by considerations of how much unscheduled
downtime may occur therefore, and no policy designed to
mitigate the effect of "Unreliability" on implementation
need be formulated. '

Let us further suppose that the rate of return on
investment in this subsector is exceedingly low compared to
other subsectors. Because the subsector is barely operating
in the black, its decision makers cannot afford even a small
risk of downtime. The original assessment was that "Unrelia-
bility", when considered independently of any sector charac-
terstics, would not pose a barrier to implementing the con-
servation measure. After considering the attribute "unreli-
ability" in conjunction with +the industry characteristic
"Rate of Return on Investment;" however, we must conclude
that the unreliability of the conservation measure does pose
a barrier to implementation.

The three-stage analysis pinpoints, in our example, the
interface of "Rate of Return on Investment"/ "Unreliability"
as an area where more quantitative analysis is needed prior
to any decision on the need for government action.
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V. DESCRIPTION OF THE MATRIX

The methodology employs a matrix which arrays conserva-
tion measure attributes against industry characteristics
that have been described previously. For the measure chosen
for analysis, each conservation measure attribute is rated
either high, medium or low (H M L) or plus, zero, minus (+ O
-). These qualitative determinations are made independently
of the subsector characteristics in which the measure will
be implemented. For example, we would rate as "high" the
attribute "Technical Sophistication Needed" and as "plus"
the attribute Environmental Impact" for the conservation
measure, "New Plant Construction.”" "High" in such a case
means that a high 1level of +technical sophistication is
needed to implement +the measure; "plus" means that the
environmental impact would be positive.

The row headings of the matrix are the nine industry
subsector characteristics. FEach characteristic of a partic-
ular industrial subsector is described on a .separate data
sheet; the information contained on the data sheets is used
to make qualitative judgements about the characteristics --
i.e. to describe the characteristics as either high, medium
or low (H M L). For example, the data sheet on "Rate of
Return on Investment" for the steel subsector contains three
quantitative measures of the rate of return and two compari-
sons of +the rate of return in the steel industry with that
for all industries. On the basis of this information, the
Rate of Return on Investment for the steel subsector is

listed as "low" in the matrix.

VI. USE OF THE MATRIX

To use the matrix, a policy-maker would answer the fol-
lowing <question for each interface (matrix cell) of a con-
servation measure attribute and a subsector characteristic:

Does the subsector characteristic act upon +the conserva-
tion measure attribute to:

1.) Increase the likelihood of the conservation measure

being 1implémented in the subsector. If the answer is

"Yes," a "+" is entered in the appropriate cell.

2.) Decrease the likelihood of the conservation measure

being implemented 1n the subsector. If the answer is

"Yesg," "~" is entered in the appropriate cell;

3) Not have any significant effect on the likelihood of

the conservation measure being implemented in the sub-

sector. If the answer is "Yes", a "O" is entered in
the appropriate cell.

After the appropriate element has been entered in each
cell, the matrix can be examined to ascertain whether the
conservation measure under consideration:
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1) Has no apparent Dbarriers that require government
action. ' _
2) Has so many apparent barriers +that only massive
government intervention can effect implementation.

3) Could be considered a reasonable target for govern-
ment policy after further investigation of the barriers
revealed.

Conservation measures are judged to have no apparent
barriers requiring government action if all the attributes
are rated either low or plus (except for Cost Effectiveness
where a "high" rating indicates no barrier since a highly
cost effective measure is more likely to be implemented).
Because the effect of a characteristic might turn an attri-
bute into a potential barrier, measures having no apparent
barriers must contain only pluses or zeros in all matrix
cells. ‘

Conservation measures are determined to have a prohibi-
tive amount of barriers if (1) many of the attributes are .
rated high or minus (with the exception of cost effective-
ness noted above) and the cells in their columns contain
either zeros or minus signs so as not to reverse the effect
of a high or minus rating and (2) the remaining attributes
are rated medium, low, zero, or plus and many of the cells
in their columns contain minus signs. '

Conservation measures—that-do not—fall into—either —one

of the above categories are considered reasonable targets
for government policy but further investigation is required
to determine +the significance of any barriers which have

been revealed. For example, if the attribute, "Technical
Sophistication Needed" is rated "low", its columns can be
examined for cells containing minus signs. Any cell con-

taining a minus sign, potentially, could reverse the posi-.
tive effect of the low need for technical sophistication.

For example, "low" requirements of technical sophisti-
cation indicate no Ybarrier +to implementation. However,
suppose there are minuses din the cells which interface
technical sophistication with the industry charactistics
"Access to Credit" and "Rate of Return on Investment." The
conventional ©practice in a subsector may be to hire outside
consultants to provide the technical sophistication neces-
sary for implementing a conservation measure. Although the
proposed conservation measure only requires a "low" degree
of +technical sophistication for implementation, the degree
of technical sophistication interpreted in light of the com-
bined effects of "low" access to credit and a "low" rate of
return on investment may present a barrier. '
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VII. TEST OF THE MATRIX

To test the methodology, we selected four conservation

measures - Improved Housekeeping, New Plant Construction,
Waste Heat Recovery, and Process Change/Major Renovation -
and three industry subsectors in California - steel,

petroleum, and chemicals. Conservation measure attributes
of Improved Housekeeping and New Plant Construction were
arrayed against subsector characteristics for the steel and
chemical subsectors; attributes of Waste Heat Recovery and
Process Change were arrayed against the chemical subsector.
On each matrix the attributes of every conservation measure
were rated independently of subsector considerations. The
underlined letter (H=high, M=medium, L=low) indicates the
rating. '

For the conservation measure, Waste Heat Recovery (see
Figure 5), two of the attributes were given double ratings:
Disruption to Install is rated both "High" and "Medium";
Technical Sophistication Needed is rated "Medium" and "Low".
A double rating indicates that the most likely ratings lie
between two.

For +the conservation measure, Process Change/Major
Renovation (see Figure 6 ), both attributes, Environmental
Impact and Change in Dependency are rated simultaneously "+"
and "-=-". These split ratings were necessitated by con-
siderations of the different types of process changes and

major renovations which might—occurv—For—example, a process T

change which results in a reduction of fuel consumption
without altering the relative amounts of each fuel type may
be expected to reduce air pollution and positively impact
the environment. A process change which results in a reduc-
tion of fuels used but also changes the fuel input combina-
tion to favor a more abundant fuel source such as coal, may
negatively impact the environment. ’

The industry characteristics of each of the three sub-
sectors were also determined. In the case of the steel sub-
sector, reference material was collected and wused to fill
out nine data sheets, one for each characterstic. Consulta-
tions with industry spokesmen were relied upon for compari-
sons of the California subsector to the national steel sub-
sector in those cases where data could not be disaggregated
to the state level. On the basis of the information con-
tained in the data sheets (found in appendix #1) each
characteristic was qualitatively judged to be high, medium,
or low (see Figures 1 and 2).

Finally, the attributes were arrayed against the
characteristics and two matrices were completed; for
"Improved Housekeeping" (Figure 1) and a second for "New

Plant Construction" (Figure 2). Explanations of some of the
elements, especially in cases where more than one element is



SUBSECTOR: STEEL* CONSERVATION MEASURE: IMPROVED HOUSEKEEPING
UNRELIABILITY TECHNICAL ENVIRON- | CHANGE
CONSERVATION COoSsT . RELATIVE UNSCHEDULED _ DISRUPTION SOPHISTICATION MENTAL IN
MEASURE EFFECTIVE COsT DOWNTIME TO INSTALL NEEDED INPACTS DEPENDENCY
ATTRIBUTE HML HML HML HML HMIL +0 - +0 -
ISUBSECTOR ’
CHARACTERISTICS
, 0 o 0. 0 0 0 0
MARKET GROWTH (1)
HML
CAPITAL INTENSITY -,0 o]
HML + (2) 0 0 0 (3) 0
IENERGY INTENSITY 0
HML + 0] 0 0 0 (3) 0
ACCESS TO CREDIT 0
ML 0 (4) 0 0 0 0 0
IRATE OF RETURN ON INVESTMENT 0
HMIL 0 (5) 0 0 0 0 0
REGULATORY RESTRICTIONS 0 (O )
HML (6) (7) 0 0 0 0 0
AGE OF PLANT
(0ld) H M L {(new) + - 0 0 0 0 0
AVAILABILITY OF FUELS
HMUL : 0 0 0 0 0 0 0
MECHNICAL COMPLEXITY
HML 0 - 0 - - 0 0
*Numbers in parentheis refer
to explanations in Appendix 2 FIGURE 1
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'SUBSECTOR: STEEL CONSERVATION MEASURE: NEW PLANT CONSTRUCTION
UNRELIABILITY TECHNICAL ENVIRON- | CHANGE
CONSERVATION COST . RELATIVE | UNSCHEDULED DISRUPTION | SOPHISTICATION | MENTAL IN
MEASURE EFFECTIVE | COST DOWNTIME . TO INSTALL | NEEDED INPACTS | DEPENDENCY
ATTRIBUTE HML HML HML HMIL HML + 0 - +0 -
ISUBSECTOR
CHARACTERISTIC .
MARKET GROWTH - - 0 0 0 '
HMIL Y o
CAPITAL INTENSITY 0 ‘
HML - - (8) 0 0 0 0
IENERGY INTENSITY )
HAHMEL + 0 0 0 0. + 0
MCCESS TO CREDIT :
. "HML + + 0 0 0 0 0
RATE OF RETURN ON INVESTMENT 0
HML - 0 (9) 0 0 0 0
&BGULATORX RESTRICTIONS - . - - + 0,-
EML | - - (10) (11) (12) (13)
AGE OF PLANT
(0ld) H M L (new) + + 0 0 0 + 0
AVAILABILITY OF FUELS
HML + 0 + o} 0 +,0 +.0
ITECHNICAL COMPLEXITY
- - - - 0 0

FIGURE 2




SUBSECTOR: CHEMICALS - CONSERVATION MENSURE: IMPROVED HOUSKEEPING
| UNRELTABILITY o ' TECHNICAL ENVIRON- | CHANGE
CONSERVATION COST . RELATIVE | UNSCHEDULED DISRUPTION | SOPHISTICATION | MENTAL IN
MEASURE EFFECTIVE | COST DOWNTIME TO INSTALL | NEEDED INPACTS | DEPENDENCY
ATTRIBUTE HML HML HML HM L " HML +0 - +0 -
SUBSECTOR
: CHARACTERISTICS
MARKET GROWTH o . ) : »
+,0 ) 0 0,-
WML . ’ 0 0 .o
CAPITAL INTENSITY ‘ , .
HML +,0 0 -0 0,- 0 0 o
ENERGY INTENSITY , +,0
HML +,0 0 ) (14) ] 0 0
ACCESS TO CREDIT 0
HML 0 0 0 ) (15) 0 ]
RATE OF RETURN ON INVESTMENT ,
HHL (] 0 0 - ) o 0
REGULATORY RESTRICTIONS _ .
HML +,0 0 0 0 c “+,0 0
AGE OF PLANT
(0ld) H M L (new) 0,- +,0 0 0 0 + 0
AVAILABILITY OF FUELS : _
HNML 0 Y 0 ] 0 0 0
TECHNICAL COMPLEXITY +
HML {16) - 0 - - o 0
. FIGURE 3
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CONSERVATION MEASURE: NEW PLANT CONSTRUCTION

SUBSECTOR: CHEMICALS
| ' ,
4 UNRELIABILITY | | TECHNICAL ENVIRON- | CHANGE
CONSERVATION CosT RELATIVE | UNSCHEDULED DISRUPTION | SOPHISTICATION { MENTAL IN
EFFECTIVE | COST DOWNTIME TO INSTALL | NEEDED INPACTS | DEPENDENCY
ATTRIBUTE HM L HML HML HML HML +0 - +0 -
SUBSECTOR _ '
~ CHARACTERISTICS
MARKET GROWTH . . :
"HML i 0 0 0 0 0
CAPITAL INTENSITY
ENML - - 0 0 0,- 0 0
ENERGY INTENSITY + o v +
HML (17) 0 o 0 0 (18) +
ACCESS TO CREDIT 0 .
HML + + 0 0 (19) 0 +,0
RATE OF RETURN ON INVESTMENT -
HML : . F 0 0 0 0 0 0
REGULATORY RESTRICTIONS _
H ﬂ L - - 0 0,_ 0’- - 0,—
AGE OF PLANT v .
{old) H M L (new) = - 0 0 0 0 0
AVAILABILITY OF FUELS o - 0 0 0
TECHNICAL COMPLEXITY
HML + - - - - 0 0
FIGURE 4
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SUBSECTOR: CHEMICALS CONSERVATION MEASURE: WASTE HEAT RECOVERY
UNRELIABILITY TECHNICAL ENVIRON- | CHANGE
CONSERVATION CoSsT . RELATIVE | UNSCHEDULED DISRUPTION | SOPHISTICATION } MENTAL IN
MEASURE EFFECTIVE | COST DOWNTIME TO INSTALL | NEEDED INPACTS | DEPENDENCY
ATTRIBUTE HML HML HML HML HML +0 - +0 -
SUBSECTOR ~ '
CHARACTERISTICS
MARKET GROWTH o + 0 _ 0 o o
HML
CAPITAL INTENSITY
HHT - * 0 - 0 0 0
ENERGY INTENSITY + - +
- HML (21) (22) 0 0 0 (23) 0
ACCESS TO CREDIT +
HML 0 + 0 0 (24) 0 0
RATE OF RETURN ON INVESTMENT
‘ E ML - + 0 0 o o o
REGULATORY RESTRICTIONS :
EHML 0,- 0,- +,0 ) 0,- ©0,- 0
AGE OF PLANT
(c1d) H M L (new) +,- +- + 0,- 0 0 0
AVAILABILITY OF FUELS
HM L +,- +,- o 0 +,- +,- +,-
TECHNICAL COMPLEXITY
HML - - 0,- 4 - - - 0 0
FIGURE 5
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SUBSECTOR: CHEMICALS

'CONSERVATION MEASURL:

PROCESS CHANGE/MAJOR RENOVATION

: _ UNREﬂIABILxTY PRCHNICAL ENVIRON- | CHANGE
CONSERVATION COST RELATIVE | UNSCHEDULED DISRUPTION | SOPHISTICATION | MENTAL IN
MEASURE EFFECTIVE | COST DOWNTIME TO INSTALL | NEEDED INPACTS | DEPENDENCY
ATTRIBUTE HML HML HML HML HML +0 - + 0 -
SUBSECTOR : ‘ '
CHARACTERISTICS %
]
!
MARKET GROWTH
"HML + + o 0 0 0 0
CAPITAL INTENSITY _
HML o - - 0 +,- - 0 0
ENERGY INTENSITY + - _ +
i HML : (25) (26) 0 0 0 (24) 0
ACCESS TO CREDIT 0
THML - - 0 0 (28) 0 0
RATE OF RETURN ON INVESTMENT .
' HML 0 0 (o] 0 0 0 0
REGULATORY RESTRICTIONS
HML = = +,- 0 0,- = 0,-
AGE OF PLANT
(old) H M L (new) + + 0 0 0. 0 0
BAVAILABILITY OF FUELS
HML +, - +,- +,- + 0 - +;- +,- 0
TECHNICAL COMPLEXITY
BEML + - - 0,- 0,- o 0
FIGURE |6
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contained in a cell, are found in Appendix #2.

In the cases df the chemical and petroleum subsectors,

Mr. Richard W. Barnes, of Dow Chemical USA, relying upon
his own thirty years experience in the chemical and
petroleum refining subsectors plus extensive consultations
with industry spokesmen, rated each characteristic. He +then
arrayed the ratings for the chemical subsector against the
set of attributes, to complete four matrices (Figures 3-6).
Brief explanations for some of the element choices are con-
tained in Appendix #2. ' '

The profile for chemicals would not be same if one
disaggregated it into 1its component four digit SIC indus-
tries. The Energy Intensity rating is based primarily upon
the nine SIC groups which use 85% of total energy consumed
in chemical production: 2812, 2813, 2819, 2821, 2822, 2824,
2869, 2873, and 28T7k.

The petroleum refining subsector has almost indentical
characteristic ratings +to chemicals with three exceptions:
the petroleum subsector will experience only medium market
growth; its energy intensity is rated medium; and the rating

for Age of Plant is medium (middle aged) rather than low (or

new). The response to conservation measures will be similar
to that of the chemical industries.

VIII. CONCLUSIONS

Applying the criteria set out in Section VII, none of
the conservation measures have been found to be free of
potential barriers requiring governmental action. Improved
Housekeeping has only one attribute--Cost Effectiveness--
which fails to increase +the 1likelihood of +the measure's
adoption in either +the steel or chemical subsectors.
Further examination of the matrix reveals three other attri-
butes which could pose potential barriers when the impacts
of characteristics are considered. In the case of the steel
subsector (FIGURE 2), the interfaces of Technical Complexity
with these Three attributes-~-Relative Cost, Disruption to
Install, and Technical Sophistication Needed--produce "-"
entrants in the matrix cells. Each of these cells should be
a target for further investigation. Even though Cost Effec-
tiveness does not heavily favor implementation, we do . not
consider this a significant barrier because of the favorable
influence lent by three characteristics: Capital Intensity,
Energy Intensity, and Age of Plant.

The array for Improved Housekeeping in +the chemical
sector resembles +that for the steel subsector. Technical
Complexity also produces a negative impact on Relative Cost,
Disruption +to Install, and Technical Sophistication Needed;
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two other characteristics-- Age of Plant and Capital
Intensity--interact with Relative Cost to pose potential
‘barriers.

We found no measures to have so many barriers that only
massive governmental intervention could achieve implementa-
tion.

The remaining conservation measures are likely targets
for government policy formulated to achieve implementation.
Areas requiring quantitative appraisal to ascertain the sig-
nificance of ©potential Dbarriers can Dbe read off of the
matrices. ’

The arrays which were completed by staff who relied on
published 1literature and conversations with industry spok-
espersons, and the arrays which were completed Dby Mr.
Barnes, relying on his own expertise and industry contacts,
were found to contain the same or very similar lines of rea-
soning. We can conclude from this that policy-makers should
also be able to duplicate the thinking process engaged in by
industrial decision-makers and thus, be successful in iden-
tifying the barriers considered during investment decisions.

. IX. VALIDATION & REFINEMENTS OF THE MATRIX

The assumptions about. ratings and the analyses we used
for determining the correct choice of an element for each
cell need further validation from persons who participate
in investment decisionsi;therefore, matrices can be sent to
industrial reviewers. Policy-makers may check the wvalidity
of the assumptions they use to complete a matrix for a given
- subsector by requesting industrial decision-makers to fill
in empty arrays. The existence of many discrepancies indi-
cates a failure to adequately understand the logic applied
to conservation measure investments. The matrices submitted
to corporate reviewers should also 1leave space for addi-
tional attributes and characteristics in +the event that
revieweres feel their inclusion is desirable.

It may be possible to standardize the qualitative pro-
cess of selecting +the appropriate rating for each matrix
cell. For each cell, there are nine possible combinations
of attribute ratings and characteristic ratings. After a
sufficient number of matrices have been arrayed policy-
makers may check whether a unique combination always
results in the same element being entered in a cell indepen-
dently of +the subsector and conservation measure being
evaluated. If the data allows policy-makers to draw such a
conclusion, a simple computer program can be devised to
print out a completed matrix after +the characteristic and
attribute ratings for a given conservation measure were
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entered. Policy-makers could use the program to check if a
conservation measure has the same or similar barriers across
subsectors or if one subsector has similar barriers for many

conservation measures.
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SECTION 2. INDUSTRIAL DECISION MAKING

I. INTRODUCTION

This section presents a sketch of the industrial deci-
sion making ©process. It contains two flow charts which
.present generalized diagrams of the process for considering
new facilities, and for retrofit of energy conservation
equipment into existing operations. The text describes the
two charts. Policy designers should gather a basic under-
standing of  the decision process upon which +they are
attempting to exert leverage. This understanding can reveal
the most useful leverage points, and so provide basic guide-
lines for policy design. :

The flow charts and text use large corporations as the
model for idindustrial organizations, because such firms
account for the most of industrial energy use; an abbrevi-
ated discussion is also provided for small firms. The same
activities occur in small firms, but generally involve fewer
people and less sophistication.

The flow charts on the following pages indicate:
ae. The information that reaches decision-makers;
b. The types of decision-makers;

¢. Their criteria and the constraints under which
they make decisions; '

d. Their motivations;

e. The flow of information and decisions within
corporations.

Factors in the decision process are itemized along the
extreme left side of the chart. Actors are grouped across
the middle of the chart with a heavy arrow indicating +the
nominal chain of decision making. A bypass to implementa-
tion is included to indicate actors who may independently
decide to invest in energy conservation if the expenditure
is within their budget authorizations and other limits of
discretion and authority. All of these actors can also
prevent ideas from advancing past them, if it fails their
criteria.

A number of actors are identified on the flow charts.,.
Each represents an evaluative or management person or group:

Sellers -- are the manufacturers of energy conserva-
tion equipment, and their representatives. For the purposes
of this chart, energy conservation consultants who may ulti-
mately recommend installation of some measures are included
in this category. All are outside the industrial firms, and
seek to sell services or products. They present performance
and cost data for their products, and seek +to match then
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with clieht activities. Reliability“is very important.

"Operations Planning Department -~ seéeks +to optimize
company operations. It actively seeks improvements in
existing procedures and suggests them +to production and
management personnel. Proposals which conflict with exist-
ing activities or preclude preferred 1investments can be-
blocked by negative recommendations here.

Technology Manager and Staff ~-- maintain and service
equipment. Innovative suggestions may arise here; ideas
perceived as unreliable, over-complicated or incompatible
with existing ©procedures can be blocked by negative recom-
mendations.

Economics Evaluation Department ~- develops 1long term
projections of econnomic conditions: in the firm; in product
markets; and in general. The need for a project 1is balanced
against the firm's ability to finance (internally or exter-
nally), and expected return on investment . Projects are
postponed or cancelled if +they appear too expensive or
risky.

Management Staff -- share, to varying degrees, a common
set of criteria and constraints. Areas of direct responsi-
bility are larger for actors further to the right on the
charts. Responsibility includes the authority to institute
progressively larger investments. The criteria and con-
straints most salient +to each actor are detailed on the
Retrofit chart (but apply to New Plant activities as well).
Those most salient to an actor are shaded the darkest, those
which arise but are not crucial are lighter, while wunimpor-
-tant ones are left blank. It is important to note that the
unidirectional decision arrow is a simplification; there are
constant feedbacks and interactions among actors. For
instance, a Department Manager may discuss an option infor-
mally with the Plant Manager and the Division Manager before
making a final decision. Ideas may be returned +to their
proponents for further elaboration or documentation.

II. RETROFIT OF ENERGY CONSERVATION EQUIPMENT

A, CONCEPT INTRODUCTION

The suggestion to increase energy efficiency may ori-
ginate from several sources; the Operations Planning (0.P.)
Department and the Sellers provide 1ideas most frequently.
The idea for a particular action comes to these actors
through a myriad of information sources, the most dimportant
of which are noted on the chart. It is significant that
government RD&D does not feed directly into the process, but
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filters +through ©publications and presentations by others.
Because of +this filtering, useful information (such as
government research findings) often fails to make its way to
industrial decision makers. It is also significant that
research results presented may not address the correct cri-
teria or constraints, or may be otherwise inappropriate +to
the needs of evaluators or decision makers. If so, effec-
tive energy conservation concepts may not be introduced.

B. ANALYSIS AND DECISION

Energy conservation proposals are analyzed by several
departments in the firm. The Technical Manager shepherds
ideas she/he supports +through decision channels. The
Economic Evaluation and the Operations and Planning Depart-
ments determine consistency with Dbroader investment and
marketing goals. These departments can represent key deci-
sion points because energy conservation ideas can be vetoed
here 1if +they conflict with production or investment goals.
The Technology Manager must either convince +these depart-
ments or bypass them by going informally to the Plant
Manager with the recommendations of his/her staff. This
bypass 1s rarely made, however.

Depending on the magnitude of the investment required,
the general financial status of the firm and the nature of
the equipment, the decision to install or ignore additional
energy conservation techniques is made at different levels
within the firm.

C. IMPLEMENTATION AND INFORMATION DISSEMINATION

Implementation provides feedback inside and outside the
firm. If firms in an industry sucessfully use certain kinds
of equipment, this information is circulated, and sellers
are encouraged to commence or expand attempts to alert
potential clients. Professional society publications, +trade
journals or conferences may also circulate this information.
Further research down a promising +track will be induced.
Implementation and information dissemination is a key factor
in future applications. Assisting early applications may
therefore be a particularly useful government activity.

D. SMALL FIRMS

In general, large firms are technically sophisticated;
many small firms are not. The less technically sophisti~
cated the firm, the more research and process recommenda-
tions must come from outside personnel (Sellers for techni-
cal information, banks for economic evaluations, etc.). This
dependence adds more lags among small firms in responding to
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new technologies. In the very small firm, the "Assistant
Plant Manager" probably takes on the responsibilities of the
Operations Planning Department, the Technology Manager and
staff, and the Economics Evaluation Department. The Depart-
ment Manager, Superintendent and Plant Manager positions
collapse into the "Plant Manager." the Board of Directors
may be less sophisticated.

ITII. NEW PLANT DESIGN AND MAJOR RENOVATIONS

A. CONCEPTUALIZATION AND DESIGN

The idea for a new plant arises from +the complex
interactions among Corporate Management, Plant Level Person-
nel, Division Level Personnel and the Business Department.
The firm's market position may be threatened, economies of
scale may seem attractive or market demand for output may be
expanding. The idea to install devices which improve energy
efficiency may be included in initial considerations of a
new plant, stimulated by information from trade journals,
etc. However, at the general level at which +the new plant
concept 1is discussed, energy efficiency will not be singled
out for extensive consideration. Instead, +the central
desire is the most economical system..

Sellers encourage the inclusion of their equipment in
the design of the new plant. Market signals and the timing
of the sellers are crucial since plant designs may be final-
ized long Dbefore the equipment vendors learn of the plans.
Sellers may not perceive a new or expanding market if they
are inadequately sensitive +to conditions in client indus-
-tries.

B. ANALYSIS AND DECISION

Design Engineers and Architects represent key decision
points in new plant design because they complete and incor-
porate the general idea of the previous actors. They may or
may not include different energy conservation activities in
the design, depending upon their own knowledge and criteria.
The Technical ©Staff may interact directly with the Design
Engineers to make recommendations. A negative recommenda-
tion from either +the Planning and Scheduling or Economics
Evaluation staffs greatly reduces the chance that the ideas
will be included in the final design, unless design staff
have firm, differing views.

Corporate Managément reviews designs, looking at costs
and potential Tbenefits. It is unlikely that energy effi-
ciency would be discussed in detail at +this level since
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separate conservation techniques generally appear as operat-
ing items within processes or plant O&M. Only if energy
efficiency 1is a priority corporate concern are energy coh-
servation suggestions likely to be introduced at the cor-
porate management level. Under those circumstances, how-
ever, the departments should already have considered them.
Hence, Corporate Management is not a key decision point for
energy conservation in a new plant design. This implies
that policy makers should focus their attention on industry
actors.

C. IMPLEMENTATION

Implementation plays +the same role previously dis-.
cussed. Firms are +typically 1less willing to disseminate
information about new plants, however, so +the process of
information transfer 1is not as complete, especially if
proprietary aspects of the production process are involved.

b, The Small Firm

In the smaller firm, corporate management becomes a
single entrepreneur or a group of partners. The design
engineers are found in consulting firms and the economic
evaluation departments are probably lending institutions
outside of the partnership. The activities remain the sanme
but are widely dispersed. Government policies must be
adapted to include these outside actors.
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APPENDIX 1: DATA SHEETS OF STEEL SUBSECTOR CHARACTERISTICS
(Numbers in parenthesis refer to sources listed below)

SUBSECTOR CHARACTERISTICS: "MARKET GROWTH
RATING: LOW

Projected Rate of Demand Growth for U.S. Steel

- Industry Through Early Eighties (tonnage) 2.5% (1),(2

Projected 1978 U.S. Level of Raw Steel 137TMM (2
Production (Short Tons) ]

1977 U.S. Level of Raw Steel Production 128MM (3

% Change in U.S. Level of Raw Steel +7% (2),(3
Production 1977-78 (Estimated)

% Change in U.S. Steel Production 1976-T7 -2.3% (3

Estimated New Capacity Addition Needed 30MM tons (4),(5

To Meet Historiec Demand Growth Rate
(1978-1985)
Capability Utilization Rate:
1977 U.S. Steel Subsector ‘ 8% (3
1978 U.S. Steel Subsector (Est.) 88% (2

COMPARISON of CALIFORNIA +to NATIONAL SUBSECTOR:

California supplied 2.63% of U.S. Steel Production in 1976,
2.91% in 1975, and 2.95% in 197k (3).

BACKGROUND INFORMATION:

Since 1973, the 10 largest U.S. steel producers and the
United Steelworkers Union have substituted binding arbitra-
tion for the threat of a strike under the covenant of the
Experimental Negotiating Agreement (ENA). The ENA was
renewed and a new 3 year pact was signed in April of 197T.
During the period 1/67 to 1/77 steelworkers earnings rose
123.7% compared to 97.1% for all manufacturing workers. (5)

SOURCES:

(1) Thayer, Jr., Frederick M., "The Capital Formation
Challenge Facing +the Steel Industry,”" National Steel

Industry Economics Seminar, Chicago, University of Chi-
cago: 1977, pp. 30-33.

(2) Standard & Poor's Industry Surveys, "Steel-Coal
Basic Analysis," 29 September 1977, pp. L46-49.

(3) American Iron and Steel Institute, AISI Annual Sta-

tistical Report, 1977, New York: 1977.

() "Can Steel Win the Fight to Modernize," Industry

Week, 20 February 1978, pp. 69-T2.

)
)

)
)

)
)

)
)
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(5) "Steel 1Industry Charts Investment, . Technology
Needs," American Metal Market, 29 May, 1978, p. 25.

(6) Department of Commerce, "U.S. Industrial Outlook
1977 With Projections to 1985," Washington, D.C.: U.S.
Government Printing Office, 1977, pp. T7-85. o
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SUBSECTOR CHARACTERISTIC: CAPITAL INTENSITY

RATING: HIGH

1976 Net Fixed Assets/Total Assets - .55 (1)

(U.8. Iron and Steel Industry)

1976 Net Fixed Assets/Total Revenue .51 (1)
(U.8. Iron and Steel Industry)

1976 Net Fixed Assets/Net Income 1h.04 (1)

(U.S. Iron and Steel Industry

COMPARISON of CALIFORNIA to NATIONAL SUBSECTOR:

Close Resemblance: "It appears that the California iron and
steel industry has equipment, operations and products
closely similar to the overall U.S. steel industry."

BACKGROUND INFORMATION:

TOTAL ASSETS is defined as the sum of current assets, net
fixed assets, intangibles, and deferred charges. CURRENT
ASSETS is defined as the sume of cash, securities, inven-
tory, receivables, and other items.

SOURCES:

(1) American Iron and Steel Institute, AISI Annual Sta-
tistical Report 1977, New York, 197T.:

(2) Barnes, Richard W., Dow Chemical U.S.A., "The

Potential for Energy Conservation in U.S. and Califor-
nia Industry," (unpublished paper based on Industrial
Resource Group Report, Demand Panel, Committee on
Nuclear and Alternative Energy Systems (CONAES) and FEA
End Use Energy Consumption Data Base: 1978). :
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SUBSECTOR CHARACTERISTIC: ENERGY INTENSITY
RATING: HIGH

Energy Intensity for California 1976 SIC 331
Cost Electricity + Purchased Fuels as a % of the

Total Cost of Materials Including Energy Cost .68% (1)
Cost of Electricity as a % of Value-added 12.93% (1)
“Cost of Electricity + Purchased Fuels L.o71% (1)
as a % of Value of Shipments
Percent of Total Industrial Energy use : T.4% (1)

in California for 1975

ENERGY CONSUMPTION BY STEEL INDUSTRY .
(BASIC STEELMAKING - NOT MINING OR TRANSPORTATION) (3)

Total BTU Tons Shipped BTU/Ton

Trillion ' Million Million
1972 2,7Lk2 , 82.149 33.37
1973 3,031 99.521 30.48
197h 3,073 100.268 30.65
1975 2,633 75.199 35.01
1976 2,79k : 85.243 32.78
1977 2,781 8T.Th5 ' 31.70

Value of by-product fuels produced during production process
is not substracted from cost of Electricity + Purchased Fu-
els. C

COMPARISON OF CALIFORNTIA TO NATIONAL SUBSECTOR:

The Iron & Steel subsector consumed 13.4% of the energy used
by industry nationally, compared to only T7.4% in California.
The national percentages of costs of electricity and pur-
chased fuels compared to total costs of materials, value-
added, and value of shipments closely resembles California
figures. (2)

@



SOURCES:

(1) Bureau of the Census, "Annual Survey of Manufactur-
ers 1976: Fuels and Electric Energy Consumed, (U.S.
Dept. of Commerce March 1978).

(2) Barnes, Richard W., Dow Chemical U.S.A., "The Po-
tential for Energy Conservation in U.S. and California
Industry," (unpublished paper based on Industrial
Resource Group Report, Demand Panel, Committee on Nu-
clear and Alternative Energy Systems (CONAES) and FEA
End Use Energy Consumption Data Base: 1978).

(3) American Iron and Steel Institute (New York: 1978).
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SUBSECTOR CHARACTERISTICS: ACCESS TO CREDIT
RATING: HIGH ’

Commercial Banking Market . : ~ Very Good

Commercial Paper Market ‘ Generally Good

(Short Term: 1 yr, or less) _
Long Term Credit in Public & Private Markets - Good

COMPARISON OF CALIFORNIA TO NATIONAL SUBSECTOR:

Cannot disaggregate national corporafion credit accessibil-
ity into state ratings.

BACKGROUND INFORMATION:

Any "A" rated or better major corporation is "pretty well
assured of access to long term credit in the public and
private markets." (1) Most of the 10 major steel companies
had Standard & Poor ratings above "A". There is a prudent
level of debt which companies cannot exceed (unless earnings
dramatically improve) without having their credit rating
downgraded. Some of the steel companies, such as Bethlehen
and National, have been downgraded in recent years.

SOURCES:
(1) Mr. David Chichester
Security Analyst
Warburg Paribas Becker, Inc.
Chicago, Illinois

2l
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SUBSECTOR CHARACTERISTICS: RETURN ON INVESTMENT
RATING: LOW

Relative Return on Investment-measured by profit after taxes
as a percentage of stockholders equity (1)

Year A1l Manuf. Iron & Steel
197k 1k.9 16.8
1975 11.5 10.7
1976 14.3 9.5

Profit Margin (2)

Year All Indus. Iron & Steel
197k 15.k 1h.5.
1975 1h.h 10.3

1976 14,4 8.6

Net Income as a Percentage of Investment (3)
(Net Income +Expenses on Funded Debt
divided by Invested Capital)

Year Iron & Steel
1976 5.2%
1977 203% e

COMPARISON of CALIFORNIA to.NATIONAL»SUBSECTOR:
Indeterminate
BACKGROUND INFORMATION:

Only once since 1957 has the steel industry's return on
equity exceeded +the average for all manufacturers. The
average return on investment for all manufacturing ranged
from 12% to 15%; steel could only post rates of return rang-
ing from 5% to 8% in recent peak years and much 1less for
other years. (2)

Last year +the steel industry suffered a profit 1loss.
Without Bethlehem Steel Corp.'s loss of $hh8 2 million, how-
ever, the average profit margin was +1%.

SOURCES:

(1) Bureau of Mines, "Status of Mineral Industries
1977", U.S. Department of Interior. '
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(2) Standard & Poor's Industry Surveys, "Steel-Coal
Basic Analysis," Vol. 146, No. 8, Sec 1. (10 November

1977).

(3) "1977 Steel Industry Financial Industry," Iron Age,
24 April 1978, pp. 36-38. :
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SUBSECTOR CHARACTERISTIC: REGULATORY RESTRICTIONS
RATING: HIGH :

Level of Restriction:
HIGH (1), (2), (3)
Source of Restriction:
EPA, OSHA, Wage & Price Watchdog Agencies,
Conflicting Regulations from different agencies
& levels of government. ,
Estimated Time To Complete Governmental Procedures
Required For Building A New Plant:
20 months (1)
Estimated % of Total Capital Expenditures for Pollution
. Control:

26% (2)
COMPARISON of CALIFORNIA to NATIONAL SUBSECTOR:

Regulatory restrictions will be slightly higher ©because of
more stringent air pollution standards. (4)

BACKGROUND INFORMATION:

The industry spokesmen for the Iron & Steel Industry speak
out strongly againest what they consider are unnecessary
restrictions and impossible compliance situations. Industry
also expressed concern - about conflicting regulations-—laid
down by EPA, OSHA, and State and Federal governments.

SOURCES:

(1) Speer, Edgar National Steel Industry Economics Sem-
inar, Chicago: University of Chicago, 1975.

(2) A. D. Little Report on Capital Requirements For
Meeting Pollution Abatement in JTron & Steel Industry,

1973-Th.

(3) Standard & Poor's Industrial Surveys, "Steel-Coal
Basic Analysis," 29 September 1977, pp L46-k9Q.

(4) Barnes, Richard W., Dow Chemical U.S.A., "The
Potential for Energy Conservation in U.S. and Califor-
nia Industry,”" (unpublished paper based on Industrial
Resource Group Report, Demand Panel, Committee on
Nuclear and Alternative Energy Systems (CONAES) and FEA
End Use Energy Consumption Data Base: 1978).
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SUBSECTOR CHARACTERISTIC: AGE OF PLANT
RATING: HIGH (OLD)
SOURCE:
Joseph Clark
Communications Manager

Kaiser Steel
Fontana, California

SUBSECTOR CHARACTERISTIC: AVAILABILITY OF FUEL
RATING: HIGH

Percent¥® of Total BTU's Required for Raw Steel Production (1976)

Electric Power

Generated L.3%

“Purchased - —21.1%
Fuel 0il . 10.0%
Tar & Pitch 1.7%
Liquid Petro. Gas 1%
Natural Gas 25.8%
Coke Oven Gas 18.9%

Blast Furnace Gas 18.0%

¥Total Percent may not equal 100 due to rounding
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FUEL SOURCE

Year Electric Power Fuel 0il1(1) Tar & Pitch(2)
Generated Purchased '
10,000BTU/KWH 11,000BTU/KWH¥* Gallons (Thousands)
1976 10,002 44,300 1,613,894 245,89}
1975 10,325 40,336 1,khk9,211 241,886
197k 10,716 46,027 1,775,578 265,785
1973 11,570 45,930 1,607,318 287,866
1972 12,198 39,358 1,312,823 232,k411

¥Includes transmission losses

Year Liq. Petro(3) Nat. Gas Coke Oven Gas Blast Furn. Gas

Thou/Gal MM cu.ft MM cu.ft MM cu.ft

1,000BTU=cu.ft. 500BTU=cu.ft . 95BTU=cu.ft .

1976 26,323 595,383 871,131 4,360,274
1975 31,088 576,938 852,373 L,158,030
197k 11,1543 670,396 - 943,413 h,8k5, 412
1973 14,805 641,56k 971,655 5,027,796
1972 14,96k 636,103 916,643 4,240,908
SOURCE:

AISI Annual Statistical Report, 1976

(1) 143,500 BTU 1 gallon
(2) 158,000 BTU 1 gallon
(3) 95,000 BTU = 1 gallon

nu
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SUBSECTOR CHARACTERTISTIC: TECHNICAL COMPLEXITY
RATING: HIGH (1)(2)
COMPARISON OF CALIFORNIA SUBSECTOR TO NATIONAL SUBSECTOR:
Close Resemblance (see data sheet for CAPITAL INTENSITY) (3)
SOURCES:

(1) Hogan, Dr. William T. The 1970's: Critical Years
for ©Steel. Lexington, Massachusetts: Lexington Books,

1972,

(2) Rosegger, Gerald, "Comments on Energy Use and En-
vironmental Quality Control: Some Economic Considera-
tions," National Steel Industry Economics Seminar,
(University of Chicago: 1975) pp. 38-k2.

(3) Barnes, Richard W., Dow Chemical U.S.A., "The Po-
tential for Energy Conservation in U.S. and California
"Industry," (unpublished paper based on Industrial
Resource Group Report, Demand Panel, Committee on Nu-
clear and Alternative Energy Systems (CONAES) and FEA
End Use Energy Consumption Data Base: 1978).
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APPENDIX 2: EXPLANATIONS OF MATRIX CELL ELEMENTS

I. FIGURE 1

(1) Market growth causes production to rise; increased
production results in greater energy consumption. A conser-
vation measure which reduces BTU consumption by a fixed per-
cent will provide additional benefits as production rises;
therefore, it tends to be more cost effective. This will
not be the case, however, for Improved Housekeeping. A 2.5%
increase in steel production will not lead to an additional
BTU saving of 2.5% multiplied by the initial percent BTU
reduction attributable to housekeeping measures. Steel pro-
duction can increase or decrease more--perhaps 5%--without
greatly affecting the benefits of Improved Housekeeping.

(2) High capital intensity may provide greater possi-
bilities for Improved Housekeeping activities (except in new
plants and "rounding out" additions to old facilities) and
therefore greater Dbenefits. However, +the more capital
intensive a subsector, the more labor will be required +to
implement +the measure. We are speculating that the amount
of discretionary investment required to implement Improved
Housekeeping is sufficently small that high capital - inten-
sity will not increase costs enough to pose a barrier.

(3) We assume the savings in energy and the correspond-
ing decrease in pollution generation will not be great
enough to appreciably impact the environment regardless of
how capital or energy intensive a subsector is. The steel
industry's impact on the environment will not be appreciably
changed by implementing Housekeeping.

() A high acess to credit means that a firm can borrow
money at a lower interest rate. If a subsector had to bor-
row funds to implement Improved Housekeeping, a high access
to credit would produce a "+" in this cell. However, this
particular conservation measure will be internally financed
so credit accessability is irrelevant.

(5) A conservation measure with a very high relative
cost 1is less likely to be implemented than a measure having
a low cost especially in subsectors experiencing a low rate
of return on investment. Industrial decision-makers may be
reluctant in such subsectors to use scarce funds for conser-
vation if 'other concerns are paramount--for example, cash
flow problems. The cost of implementing Improved Housekeep-
ing 1in the steel subsector is not very great, however, com-

pared to many other costs. The funds saved by forgoing
implementation will not be large and the amount of money
made available will not be ‘of great significance to

decison-makers. Therefore, a "0" is entered in this cell.
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(6) The steel subsector has very high regulatory res-
trictions for pollution control and safety. Improved House-
keeping can help achieve three goals: pollution reduction,
safety enhancement, and conservation of energy. However,
according to the assumptions made in (5) and (6), the cost
of housekeeping is minimal. Therefore, reducing the cost of
this measure by attributing part of it to the achievement of
other goals will not impact cost effectiveness.

(7T) See note (6).

II. FIGURE 2

(8) The reliability of a new plant does not decrease
because a subsector 1is highly capital intensive;  more
research and engineering skills will be employed +to assure
"that the new plant is not prone to unscheduled downtime. One
could argue, however, that a highly capital intensive plant
cannot afford a day of downtime as well as a less capital
intensive plant. We have applied the former interpretation
and entered a "O" in this cell.

(9) Both a low and a high rating for Rate of Return on
. Investment. . will decrease the amount of unscheduled downtime
that is acceptable. An extremely low rate of return means
even a small loss of production time may be unacceptable. A
high rate of return means that downtime will be more costly
in terms of total lost revenues. Therefore, both extremely
low and high ratings translate into a "-" entry for this
matrix cell. A medium rating would be interpreted to mean
no impact--a "O0" would be entered. The impact of the 1low
rate of return on investment on the attribute unreliability
is very slight when decision-makers in +the steel industry
consider constructing a new plant. A new integrated steel
mill requires an enormous investment; +the characteristic
Rate of Return so strongly impacts considerations of the
attributes Cost Effectiveness and Relative Cost that its
impact on the attribute unreliability is not significant in
comparison. In other subsectors in which new plants are
less expensive and much less reliable, a low rate of return
would produce a "-" entry in this cell, but for the steel
subsector, we conclude a "O" entry to be appropriate.

(10) Regulatory restrictions are not static. A new
plant built to meet today's abatement standards may need
extensive retrofit to meet higher standards in the future.

(11) Environmental regulation procedures may require up
to twenty months to complete before a new steel plant can be
built.

(12) New steel plants are built to pollute 1less +than
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older plants. Many steel companies (especially Bethlehem
Steel) have closed older facilities rather than invest in
expensive abatement devices.

(13) High regulatory restrictions may require the steel
subsector to use or refrain from using certain fuels. A new
plant may be constructed in an area where fuel accessability
is not compatable with regulaory restrictions.

III. FIGURE 3

(L4) The existence of a highly skilled staff in the
chemical subsector required by its complexity and sophisti-
cation produces a second order effect --i.e. the presence of
staff who are capable of reducing the disruption caused by
implementing a measure. Second order effects are not
accounted for in +the ratings,however, 1in this case, the
effect is significant enough to warrant being noted.

(15) If the chemical subsector needed to (1)hire out-
side consultants to provide technical expertise and (2) bor-
row funds to pay consultants, a plus would Dbe entered in
this c¢cell. This subsector does not require the services of
outside consultants so a "O" is entered instead.

(16) High technical complexity requires the presence of
highly skilled ©persons in +the chemical industry who can
recognize and implement housekeeping measures that might be
overlooked or ignored in another subsector.

IV. FIGURE L

(17) The greater the energy intensity, the larger the
potential benefits from conservation efforts.

(18) We are assuming that the more energy intensive a
subsector is, the greater +the absolute amount of energy
which can be consumed. The relative savings in energy, how-
ever, will ©be smaller because energy intensive subsectors
have already realized much potential for conservation. sav-
ings in fuel as meaning a greater reduction in pollution
levels.

(19) See (15).

(20) The rating could be slightly "+" or slightiy "-"
depending on which component four digit SIC group builds the
new plant. The aggregate impact for all components is "O."
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V. FIGURE 5

(21) See (15).

(22) The greater the energy intensity, the higher the
relative cost of implementing the measure since more equip-
ment (perhaps of a similar nature) must be purchased to cap-.
ture all the benefits of conservaton.

(23) See (18).

(24) See (15).

VI. FIGURE 6
(25) see (17).
(26) see (22).
(27) see (18).
(28) See (15).
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