
Lawrence Berkeley National Laboratory
Lawrence Berkeley National Laboratory

Title
ENERGY CONSERVATION: POLICY ISSUES AND END-USE SCENARIOS OF SAVINGS POTENTIAL 
PT.1

Permalink
https://escholarship.org/uc/item/1zv5198v

Author
Authors, Various

Publication Date
1978-11-17

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/1zv5198v
https://escholarship.org
http://www.cdlib.org/


ENERGY C SERV Tl 
P LICY ISSUES 

END-USE SCE Rl S 
S VI N S P TE Tl l 

r~ r: r~, e v g;: 
. . . IAV.Jf11::fiTF 
r 'i-:Ui\UJ·:v tJ'lLHJ;;Aror :v 

,J!\N 1 :! i979 PART 1 

SUMMARY 

TWO-WEEK LOAN COPY 

! This is a Library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 

Tech. Info. Dioision, Ext. 6782 .. 

September 1978 

Lawrence Berkeley Laboratory 
University of California, Berkeley 

F 

Ill 

II 

LBL 7896 
1 of 6 ~· -~. 
UC-95d 

r-
-\7J 
r-· 
J.J 
o\) 
~. 
\'S' .... ' 

Prepared for U.S. Department of Energy under Contract W-7405-ENG-48 



,..-------- LEGAL NOTICE ---------, 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the Depart
ment of Energy, nor any of their employees, nor any of their con
tractors, subcontractors, or their employees, makes any warranty, 
express or implied, or assumes any legal liability or r-asponsibility for 

.. the accuracy, completeness or usefulness of any information,appa-
ratus, product or process disclosed, or represents that its use would 
not infringe privately owned rights. 

----------·--~·.''!--~------' 

Printed in the United States of America 
Available from 

National Technical Information Service 
U. S. Department of Commerce 
5285 Port Royal Road 
Springfield, VA 22161 

'; ;? 
' ( 
I.' . ( 

Price: Printed Copy, $ 4.50 Domestic; $ 9.00 Foreign 
Microfiche, $ 3.00 Domestic; $ 4.50 Foreign 

'1-



; ; ; 

ENERGY CONSERVATION: POLICY ISSUES 
AND END-USE SCENARIOS OF 

SAVINGS POTENTIAL 

LBL PROJECT STAFF 
Peter Benenson 
Ricardo Codina 

Bonnie Cornwall 
David Dornfeld 
Barbara Greene 

Jon Elliott 
Willett Kempton 

Catherine Langlois 
Harold Nelson 

John Nides 
Forest Rouse 

Carola Sullam 

CONSULTANTS 
Richard Barnes 

Dow Chemical, USA 
Norman M. Bradburn 

Department of Behavioral Sciences 
University of Chicago 

Lawrence Berkeley Laboratory 
University of California, Berkeley 

September 1978 

LBL 7896 

Prepared for the U.S. Department of Energy under Contract 
W-7405-ENG-48 submitted to Dr. Clark Bullard Director, Of
fice of Conservation and Advanced Energy Systems Policy 

U.S. Department of Energy 

PRINTED ON RECYCLED PAPER 



iv 

TABLE OF COITENTS 

PART 

1. SUMMARY 

2. TRADBOFFS OF MUNICIPAL SOLID WASTE PROCESSIIG ALTERIA
TIVBS 

1) lconoaioa of Garbage Collection 
2) Mechanical va. Boae Separation of Recyclable& 

3. POLICY BARRIERS AND INVESTMENT DECISIOIS II IIDUSTRI 
1) A Methodology tor the Identification of Potential 
Barriere to Industrial Energy Conservation 
2) The Process of Industrial lnveataent Deciaionaak
ing 

!&. ENERGY EFFICIENT RECREATIONAL TRAVEL 
1) An Information Syatea to Pro•ote Energy Efficient 
Recreational Travel 
2) Recreational Travel: National Iaportance and Indi
vidual Deciaion-aak!ng 

5. ENERGY EFFICIENT BUILDINGS 
1) The Causes of Litigation Against Energy Conserva-
tion Building Codes 

------2-)-A-Deacl"-iption-of-the-Bu-1-l~d-i-ng-P-~ocess-------------

6. END-USE ENERGY CONSERVATION DATA BASE AND SCENARIOS 
1) Residential 
2) Commercial 
3) Transportation 
!&) Industrial 



v 

fOREWORD 

tbe Gnolosed work ia baaed upon our previous research 
durins tbia tiaoal r•ar, contained in •construction or 
lnarsy Conservation Scenarios: Interim Report ot Work in 
Prosreaa•, LBL 783-, June 1978. Tbe focus ot our current 
work waa deterained in consultation with the Director and 
start of tbe Conservation and Advanced lnersy Systeaa Pol
loy Ottioe, DOE, tollovins their review ot our intaria 
report. lt that point we asreed on several suidelinea tor 
our aubaequent work: 

1. Take a vholiatio view or energy oonaervation poli
cies bJ describing the overall ayatea in vhioh they 
are -iapleaented; 
2. Provide analytical toola and autticiently diaag
sregated data baaea that can be adapted to anwer a 
variety ot queationa by the users; 
3. Identity and discuss aoae ot the iaportant iaaues 
behind aucceaatul enersy conservation policy; 
-· Develop an energy conservation policy in depth. 

In addition to tbeae guidelines, we selected tive 
subjects to investigate. 

1. Recycling: a~ analysis or the energy, econoaic, 
and environmental tradeotts between landfill and coa
bined programs ot resource recovery and energy sen
eration from waste. 
2. Industrial Decision-Making: a aetbodology to 
ide n t 1 ry potent 1 a 1 barr 1 era t-o-en-e-r-sy-c-o-n-s-err-v-art_i-o--.r-ti--y.-------
analyzing how a conservation aeaaure's attributes 
interact with the cbaracteriaticn ot an industrial 
aubaector. 
3. Recreational Travel: information strategies to 
effect a aodal shift to public transit tor the 
recreational trip. 
4. Residential and Commercial Buildings: an examina
tion of court cases against new energy efficient 
building codes and suggestions· tor avoiding future 
litigation .. 
5. End Use Energy Conservation Data Base: completion 
of energy conservation scenarios by calculating the 
energy conservation potential at specific aeasures 
applicable to particular end uaea. 

Our current work results fro~ the application or the 
overall guidelines to tbe above subjects. For example, ve 
have described the ayatem in which each policy or issue is 
set by the use of flowcharts and acoompanyins text. In 
some oases, the flowchart describes a physical activity 
(constructing buildings or reoycl!n& waste aaterials). In 
other caaea, it describes a decision-aaking process 
(industrial inveataent or tranaportation aodal choice). 
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We have provided disaggregated quantitative data wherever 
they are relevant--recycling, recreational travel, indus
trial decision-making, and the end use scenarios. We have 
discussed several policy issues tor 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 is 
heavily weighted toward the automobile be shifted to 
public transit for the recreational trip. 
4. 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 DOE 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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ENERGY EFFICIENT BUILDINGS 

The Causes of Litigation Against 
Energy Efficient Building Codes 

Unlike traditional building codes, which have been 
imposed to regularize construction practices, some new 
energy efficient codes attempt to mandate change. These new 
codes require as much conservation as is cost effective for 
the home occupant. Compared with traditional codes, such 
new codes are usually more rigorous, increase costs, and are 
more disruptive to the building industry. This paper 
discusses three industry suits against building codes. Two 
suits claimed that supposedly cost-effective codes were too 
rigorous (the California Residential Building Code and the 
Farmers Home Administration standards}. The third suit 
claimed that the code (the California nonresidential code} 
was overly prescriptive. The specific objections made in 
the litigation against these three codes are listed and the 
industry conditions and beliefs behind the objections stated 
in court are discussed. Other cases attempting to 
strengthen building codes, such as Polrized Corporatin's 
current suit against ASHRAE 90-75, are not examined in this 
paper. 

Three objections against rigorous codes are based on 
anticipated higher costs of building under the new codes: 
1} apprasials would not be raised enough to compensate for 
higher cons.truction costl!,__f:!specially in the FmHA program; 
2} low-income buyers would be priced out of the market, and 
3} capital shortages in the loan market and higher costs 
would reduce availability of loans. Builders also claimed 
that the computed payback periods were too long. They felt 
that the additional costs of conservation measures should 
pay back to the first buyer, rather than paying back o~er 
the life of the b~ilding. They also argued that materials, 
such as glass fiber insulation, are unavailable, and that 
industries such as electric resistance heating will col
lapse. 

One source of difficulty in adapting to new standards 
is the diffuse nature of the industry--there are many small 
independent builders who are not in close contact with pro
fessional associations. New information may not reach them, 
and adjustment to new requirments will be difficult. But 
for the same reasons, change would be very slow without 
building codes. Builders will experience hardships in the 
transition to new mandated practices, and may be inefficient 
until they have rethought old practices and adjusted to the 
new ones. For example, the proposed California code 
requires two inch by six inch framing in many parts of the 
state to accommodate R-19 insulation. While builders could 
minimize cost increases by changing from two-by-four studs 
on 16 inch centers to two-by-six on 24 inch centers, they 
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may instead minimize changes in layouts by installing two
by-sixes on 16 inch centers. Such failures to optimize 
quickly will increase costs considerably in the transition 
period. 

Two general beliefs not stated in court are behind many 
of the explicit court allegations. The first unstated 
belief is that the market, not the government, should deter
mine what is built. The second is that the buying public 
does not want more efficient buildings. 

Implementors of new building codes can increase their 
acceptability by: 1) working with lending institutions prior 
to implementation, 2) making cost calculations understand
able to the public, and 3) insuring that the codes are 
truly performance-based. Occupants of efficient buildings 
have lower utility bills and thus more money available for 
mortgage payments or rent. Also, their bills undergo 
smaller seasonal fluctuations. If lenders had good informa
tion about these advantages, they might permit more favor
able loan terms for such buildings. Next, if the cost cal
culations on which the codes are based are correct and 
widely understood by the public, special interests would be 
more reluctant to impede them. Finally, codes must be based 
on performance, allowing alternatives to prescriptions or 
materials and techniques. But many local building inspec
tion departments are unable to evaluate innovative conserva
tin or solar techniques. Thus, to be true performance codes, 
code implementation must provide for starr and facilities to 

------..a"'p'"'p r o-v-e-tn·n-o-va·t-tve~p-1-an-s-wi-t-ho-ut-i-nord-i:-na-t-e-d-e-1-a-y·-..~------------

Two issues underlie many policy questions about energy 
conservation building codes. One is whether market forces 
will make the necessary adjustments without codes. Many 
factors suggest that they will not: 1) market decisions are 
based on currently low energy prices; 2) homebuyers are 
not always rational economic actors with .respect to energy 
consumption (for example, prestige or comfort often super
sede economic considerations; 3) builders overestimate the 
costs of change to be transitional costs, perpetuating 
current practices, and 4) given current energy prices and 
public awareness, the seller of a higher-priced efficient 
home is at a competitive disadvantage. The second underly
ing issue is whether or not governments should use building 
codes to accomplish long-range planning. Building codes 
whieh maximize cost effectiveness for the occupant depart 
from past codes and attempt to effect a change in building 
practices. The failure or market forces, the longevity of 
housing stock and the large amount of energy involved argue 

for such mandated change. But if such mandated change is 
perceived as unfair, then many of the objections that have 
arisen in the past are likely to be made again. Initiators 
of such codes should be prepared for these objections. 
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A Description or the Building Process 

Explanation or the Flowchart: Diagram 2 

The large rlowchart included with Part 5 or this report 
provides an overview or the building process and can be used 
to assess the impact or proposed policies. The chart is 
composed or two major elements: a base chart in blue line 
form and a transparent overlay chart. The base chart 
diagramatically portrays the current building process rrom 
inception through construction, occupation and eventual 
demolition. Included are the links, the actors, resources, 
policies, decisions, inrormation and regulations or the pro
cess with an emphasis on how inrormation about energ~ erri
cient buildings is currently incorporated. The rlowchart 
has blank spaces where other relevant factors, such as 
environmental concerns, could be added. As an aid to reading 
the flowchart, a simplified version is included at the end 
of this section. 

THE BASE CHART is divided both horizontally and verti
cally. The vertical divisions represent the major sequen
tial activities in the building process: a) programming, b) 
development planning/design, c) construction, d) 
completion/delivery, e) occupancy/maintenance, and h) des
truction and replacement. The horizontal divisions both 
above and below represent the inputs flowing to these stages 
of the building process: Policies/regulations/standards, 
a c tors and m o t_i vat ions 1 e ad to the R r o v is ion o f e it her t b~~--
resources (odd numbered) or the information (even numbered) 
necessary for the completion of any stage in the building 
process. 

For the actors who provide the resources and informa
tion, the diagram pre~ents the factors that both motivate 
and constrain their decisions. The diagram also indicates 
the relationship between primary and secondary actors. The 
diagram expands only some areas, emphasizing points where a 
change could encourage energy conservation. Once such a 
point is identified, the policy designer can trace the 
consequences of this change back through the actors provid
ing the inrormation or resource, the policies and standards 
affected. 
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ENERGY EFFICIENT RECREATIONAL TRAVEL 

Energy consumed for recreational travel is an important 
component of total transportation energy consumption. Most 
of this recreational travel takes place in the automobile, 
which not only consumes energy, but also pollutes, makes 
noise, and causes other environmental stress which thereby 
may diminish the recreational experience for the very trav
elers who use it. Accordingly, how to bring about a modal 
shift to a more efficient means or transportation for 
recreational trips is an appropriate policy issue. An exam
ination of the traveler's decision-making process indicates 
that information is a weak link in the modal choice deci
sion. Moreover, the information is biased toward the 
private auto. In this report, we focus on an information 
policy designed to bring about a modal shift toward public 
transit for the weekend recreation trip. 

We begin by summarizing the policy and placing it in 
the context of the issues it addresses. Following that, we 
develop in detail an information policy to link use of 
national parks with transit for the weekend trip. This pol
icy derives from an examination of the importance of the 
recreational and weekend trips in terms of trip numbers, 
purposes, modes, and energy consumption. We then describe 
verbally and graphically the traveler's decision-making pro
cess. Several potential problems and policy targets are 
revealed, of which the information link is one. Finally, 

_ we pres€lnt a broad spectrum of information policy sugges
t i on s t h a t w o u ld -s t r eng t hen t h-i s 1 ink • 

The information policy we developed emphasizes the 
joint roles of the National .Park Service (NPS) and the 
Department of Energy (DOE). Although the policy could be 
implemented by various agencies including DOE, the policy is 
couched primarily in terms of NPS's role because of recent 
legislation, described below, that authorizes them to 
address transportation and energy conservation issues. 
DOE's potential role is discussed after the structure of the 
policy is described. 

In the past, the purpose of the NPS was to preserve 
natural resources rather than to bring people into park 
areas. The agency had neither the authority nor the funding 
to address problems of access to the parks. Very recently, 
however, Congress passed legislation (P.L.95-344) authoriz
ing the NPS to formulate transportation plans and implement 
transportation programs. The purpose of the act is to sup
port modes other than the automobiles for access to and 
within national parks and thus preserve the parks and con
serve energy. Included in the legislation's mandate is the 
need to establish information programs to notify the public 
or alternative travel modes. 
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In the spirit of the recent legislation, we suggest 
three components for the NPS to develop in its initial 
information dissemination program. 

1. An inguiry ~response system to centralize the 
multiple sources of recreational and transit informa
tion. This system could include the following 
features: 
-a mail service, consisting of a pre-printed card with 
blanks for name, address, recreation area, travel con
straints and requirements and special information. 
-a telephone service, consisting of a toll-free tele
phone number, preferably an acronym such as FUNTRIP. 
-a walk-in service at each park (e.g. a visitors' 
center), which emphasizes transit for on-site travel. 

2. Broqhures ~ pamphlets to convey information in an 
effective manner which should include: 
-clear, specific and up-to-date transit facts, such as 
routes and schedules. 
-the negative aspects of automobile travel, such as 
pollution and congestion. 
-color photographs highlighting the recreational oppor-
tunities. 
-detailed information about the site so recreationists 
do not feel compelled to maximize their flexibility by 
travelling in an auto. 

3. Media campaigns to tap into the many and varied 
information conduits that exist today. Strategies 
should include: . 

--------:-~a-n-a-t-ton-a-1-l-y-kn-own-an-d-d-tsp-l-aye-d-l-ogo-,-wh-tc-h-t-he-pub,•-.---------

lic would identify with a pleasant and reliable transit 
system. 
-a speakers b~reau to orient specific market segments 
to recreational transit. 
-articles in newspapers and travel magazines. 
-maps and displays in the telephone book, an informa-
tion source widely used for trip planning. 
-site condition reports, such as ski or surf bulletins, 
which mention transit opportunities. 

~OE could strengthen this program in several ways. 
First, it could supplement NPS furiding and analysis of park 
transportation. Data on energy consumption and energy con
servation potential could be gathered and analyzed. Second, 
it could coordinate the information system; operation of the 
toll-free telephone number could build upon the experience 
of DOE's Solar Division with a toll-free public information 
number for solar energy. Third, it could develop public 
relation• material on recreational travel. Fourth, .it could 
initiate a demonstration project for recreational transit to 
determine energy savings. And finally, it can support 
research and development on energy-efficient public tran
sportation systems. 
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Section 2, divided into five parts, describes the back
ground research that preceded the policy design. We note 
that decision-makers have often not recognized the impor
tance of recreation as a policy issue. Problems related to 
recreation are often considered of secondary importance, to 
be dealt with only when more pressing concerns are resolved. 

Part I contains the background data for recreational 
travel. Leisure-related activities have developed into an 
industry of economic importance. In 1972, expenditures for 
travelling to and engaging in recreational activities 
approached $61 billion, up from $50 billion in 1970. For 
many people, travel is in itself a form of recreation. 
According to the 1972 National Travel Survey, persons from 
two out of three U.S. households took a trip during the 
year. Almost 54% of these trips were devoted to leisure and 
recreational activities. Between 1972 and 1974, despite the 
Arab oil embargo, the number of trips for pleasure rose by 
over 37 million, a jump of 30%. 

On most recreational trips, the automobile was the pre
ferred mode of travel, accounting for 81% or the total. 
Such dependence on the automobile has diverse and serious 
impacts: air pollution, traffic congestion, environmental 
stress, and consumption of land and money. Finally, leisure 
travel contributes to the consumption of gasoline. Data 
seem to indicate that recreational travel could account for 
between 15-30% of all personal automobile use. This means 
that in 1975, personal passenger vehicles consumed between 
11.5 and 22.9 billion gallons~~ gasoline in recreational 
travel. 

Despite the importance of pleasure trips in terms or 
economic impact, individual lifestyles and expenditures, 
congestion and pollution in outdoor areas, and fuel consump
tion, there are virtually no policies developed specifically 
for recreational travel. Transit companies do not formulate 
policy for recreational travel, feeling that their first 
priority is to operate for commuters. 

This material suggests that recreational travel is a 
target worthy of energy conservation policy. Public policy 
should be designed to lessen the American population's 
dependence on the automobile for leisure trips and conse
quently to conserve some additional transportation energy. 

One of the strategies a successful policy can follow is 
to encourage actions which people might well take even in 
the absence of any policy at all. During the fuel embargo, 
Americans did not cut down on the number of leisure trips 
they took. However, they did change the pattern of their 
recreational travelling by using buses and trains more. The 
overall rise in the use of these common carriers was 
achieved at the expense of the airplane as well as the 
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automobile. 

It is not practical to assume that goverment policy 
will be able to affect all or even a majority of pleasure 
trips in the short run. However, some trips are likely to 
be more responsive to public policy. We have focussed our 
initial analysis on a specific trip type -- the weekend trip 
(Part II). 

According to the 1977 National Travel Survey (Prelim
inary), almost 31 million households took weekend trips dur
ing the first three months of that year. Weekend travel 
represents about 40% of all trips over 100 miles taken in 
the United States; this percentage breakdown has remained 
approximately the same since 1972. If visits to friends and 
relatives are included, then fully 75% of all weekend trips 
are devoted to leisure and recreation. If we omit such 
visits, then recreational travel accounts for 26.5% of week
end trips. 

For weekend travel, the modal split by percentage is: 

auto 
truck 
airplane 

77.3 
9.8 
6. 5 

bus 
train 
other 

4.0 
1.0 
0.3 

It is likely that the car is used more to give flexibility 
in timing and route choice that to extend the distance 

--tra-ve-l-1-ed--;.-------------------------------------

Vehicle occupancy for weekend trips and recreational 
travel tends to be 33% greater, on the average, than for all 
other trip purposes. The highest occupancies occur at 
scenic areas of national reputation, catering to families. 
The occupancy rate generally increases as does the distance 
travelled. Lowest occupancy occurs at predominantly day
use, water-oriented sites. 

This may suggest that public policy focus on certain 
types of trips to encourage transit use: for example, the 
shorter weekend trip or trips to water-oriented sites. On 
longer trips, with their higher vehicle occupancies, the car 
is an energy-efficient form of transportation. 

Although the auto is still the overwhelming favorite 
for weekend trips, its use as a percentage of total travel 
has been declining slightly since 1972, from 88.9% to 87. 1%. 
The use of bus and train increased a bit, although the two 
modes together only account for 5% of all weekend trips. 
The mode predominates, because the automobile serves functions 
other than transportation. Most people do not travel to 
penetrate the countryside; they want to remain close to the 
safety, comfort, and shelter of their cars. 
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In Part III, we have developed a flowchart to depict 
the recreational experience. This experience is represented 
as a system--a set of components and their interrelation
ships. Decision-makers can use the flow chart to aid in 
determining which components of the system could be altered 
to achieve a greater balance between the automobile and 
other modes for recreational travel. 

Previous studies on recreational travel have neglected 
the potential for transit use. They have also overlooked 
the preferences and motivations of the users of the tran
sportation system. Our description of the recreational 
experience focuses on the way the u~er decides to adopt a 
mode of travel. 

The system depicted in the flowchart divides the 
recreational experience into five phases. During the PLAN
NING phase, the recreationist makes most of the major deci
sions of the trip: where and when to go, what mode to use, 
who will go, what to do, etc. During the TRAVEL TO phase, 
travel time is often an important variable in the selection 
of mode and route. However, travel time can become a less 
critial variable if the trip itself is enjoyable. ON SITE 
experiences are the portion of the trip most often associ
ated with "recreation". TRAVEL FROM, the fourth major 
phase, resembles the "travel to" phase in terms of origin 
and destination; however, the route and time spent in tran
sit may vary considerabley. RECOLLECTION, the final phase, 
generally forms the basis for planning and making decisions 
for the nextr-ecrea t ional experience. 

Each phase incorporates a number of decisions which 
must be resolved before the next phase can be entered. 
There are three major factors influencing each decision: 
information, criteria, and constraints. 

The recreational system depicted in the flow chart 
should be understood in the context of the environment in 
which it has and is still developing. The environment 
includes factors that are relevent to the recreational 
experience, but which policy-makers may not be able to 
affect very much in the short run. These factors include: 
social trends, location of existing recreational areas, phy
sical infrastructure, government policies and regulations, 
and natural factors. 

In Part IV, we use the flowchart to identify which 
aspects of the recreational system need to be addressed to 
alter the modal distribution, increase the use of public 
conveyances, and conserve energy in recreational travel. 
Our analysis reveals that. the modal decision occurs after 
two other decisions, "Where to Go" and "When to Go". These 
first two decisions may determine the modal choice for the 
recreational trip and possibly eliminate transit as an 
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between transit and recreational entreprenuers, 
such as restaurants and hotels. 

~. DQsigg A centralized syst~m ~ reQceation/transit 
infocmatiQn. This could include 

-a central and well-known address to which people 
could write.· 
-a regionally or nationally known toll-free tele
phone number. 

~. Stress .W recceational, goteoti;ill, ~ transit tc1os 
lLhJul geyel,og1og information systems, through such tech
niques as 

-market segmentation. 
-media campaigns which emphasize enjoyment. 



13 

POLICY BARRIERS AND INVESTMENT DECISIONS IN INDUSTRY 

The industrial sector provides policy-makers with sub
stantial opportunity for effecting energy conservation. 
Each year decisions are made regarding investments in 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 be 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 criter.ia and constraints given in the flowcharts 
and analyzes h6w 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. Each factor or attribute can increase the likeli
hood of a measur~·s adoption or pose a barrier to it. We 
have i den t i fie d s e v en p r i mary a t tr i b u t e s : 

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 Pependency or 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 subsea
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. 
2. 
3. 
4. 
5 . 

Market Growth 
Capital Intensity 
Energy Intensity 
Access to Credit 
Rate of Return on Investment 
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6. Regulatory Restrictions 
7. Age of Plant 
8. Availability or Fuels 
g. Technical Complexity 

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

To incorporate this three stage analysis into our 
methodology, we developed a matrix which arrays columns or 
attributes againest rows or characteristics for the selected 
conservation measure. First, each attributes is qualita
tively rated high, medium, low or "+," "0," "-·" A low or 
"+" rating indicates that the attribute increases the likel
ihood or the investment. Any other rating denotes a poten
tial barrier to implementation. Second, the effects or each 
characteristic on the evaluation or each attribute is deter
mined and either a "+," "O," or "-" is entered in every cell 
or the matrix (i.e. the interrace of an attribute and a 
characteristic). A"+" rating means the interaction favors 
the adoption or the measure; a "-" rating denotes a poten
tial barrier. Finally, attribute columns can be examined 
for "-" ratings which might alter the favorable imQ__...a._..c._.t..__.o..._._r__...a,..n.__ ______ _ 
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 or 
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 been identified. By knowing the nature or bar
riers and the identity or participants concerned with them, 
policy-makers can more easily select the most effective pol
icy to influence the outcome or. the investment decision. 
The final choice or an effective policy is not uniquely 
determined by this analysis; rather, the set or choices is 
reduced. 
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To test the methodology, we selected four conservation 
measures--Improved Housekeeping, New 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 Hou~ekeeping 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 be taken are identified in indi
vidual matrix cells (i.e. in the attribute/characteristic 
interfaces). 

Matrices arraying conservation measure attributes 
against subsector characte~ls£1cs 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 
ext~nsive 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, but the functions indicated 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 
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or included in 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 Impl•mentation--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-~ohange 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 in 
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. 
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TRADEOFFS OF MUNICIPAL SOLID WASTE PROCESSING ALTERNATIVES 

A. OBJECTIVE AND ISSUES 

Garbage generation in the United States is expected to 
increase from the 1975 level of 3.4 pounds per person per 
day to five pounds per person per day in 1990 (U.S. Environ-
mental Protection Agency 1977:20). Many stategies have been 
proposed to cope with the anticipated increase. The objec
tive of this report is to assess the performance and advan-
tages of several garbage processing or disposal (landfill) 
techniques, and to examine the issue of large scale recy
cling of waste material. 

Five general methods of garbage disposal and processing 
are discussed: close-in landfill, remote landfill, refuse 
derived solid fuel (RDSF), pyrolysis and incineration. 
Landfilling is one of the most prevalent garbage disposal 
techniques in use. The method is inexpensive, requires 
small capital outlays, and is relatively energy efficient. 
But close-in landfill sites are nearing capacity and addi
tional close-in sites are either unavailable or extremely 
expensive. 

Landfills can also be an environmental hazard (e.g. 
water contamination, odor, occupation of land, production of 
explosive methane gas). Moreover, landfilling amounts to 
disposing of potentially energy-rich materials and recyclabl 
resources. Remote landfill is costly , since operating 
costs for land fill increase dramaflcarry-wn:n--dTstance f~r~o~mc__ ____ _ 
the area served. Increasing attention, therefore, has been 
given to the possibilities offered by the recycling of 
source-seperated materials. 

The importance of such issues is exemplified by the 
number of states implementing waste disposal policies. For 
example, California has implemented over 130 recycling pro-
grams in different communities, while six major cities which 
together comprise the bulk of the state's population are 
considering the creation of large-scale resource recovery 
facilities. 

The major issue at this time concerning municipal solid 
waste disposal is whether to continue with landfill as the 
primary method or to use some combination of source separa
tion, resource recovery and energy generation with landfill. 
The constra~nts surrounding this issue are capital and labor 
costs, technical feasibility, environmental impacts -- espe
cially air pollution ~ marketability of the derived energy 
and recycled resources, and public cooperation. 
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B. DESCRIPTION OF THE RESOURCE RECOVERY PROCESS 

The recovery of energy from MSW through source separa
tion programs and resource recovery facilities occurs at the 
back end of a long process -- after virgin materials are 
transformed into consumable products, distributed, used and 
ultimately disposed as solid waste. The large diagram which 
accompanies Part 2 of this report presents an overview of 
this process and emphasizes other points in the resource 
stream where energy recovery from materials reclamation can 
occur. On the following page, a smaller summary diagram pro-
vides an outline of the more detailed larger diagram. 

Structurally, 
components: 1. 
and resources; 2. 
these activities; 
actors. 

the diagrams consist of the following 
The main activities and associated actors 
Existing government policies related to 
3. The motivational concerns of the main 

1. The Main Activities, Resources and Actors 

These comprise the underlying skeleton of the whole 
schematic. The six main activities are d~picted from left 
to right across the lower portions of the charts. They 
include Mining and Harvesting, Manufacturing, Converting, 
Distributing, Consuming and Disposing. Resources, directly 
above the main activity in the more detailed diagram, are 
processed at each of these six stages and change their iden-

__ t_Lt_Le_s_a_s_t_he_Y'_m_o_v_e_f'r_om_Le_f_t_t_o_r_igh_t_.-F'-or-exampl-e-il"-on-------
ore, which is at the first mining activity, becomes 
transformed into steel sheet, then steel cans, food con-
tainers and finally a component of consumer garbage. 

The resource flow is signified by solid lines which 
connect with the associated actors at each stage of the pro
cess. From different points along these resource paths, 
scrap materials can be removed and recycled into the main 
resource flow. In this way, we see a returnable bottle 
entering a recycling loop through the food store and then 
re-entering the main path through the beverage maker. The 
recycling paths are represented by non~solid lines that con
nect the recycling actors in the upper half of the diagrams 
with the main activities below. 

2. Existing Policies 

Present government policies influence both the resource 
and recycling activities at each stage. The former sets of 
policies are found in the lower portion of the diagrams and 
are connected directly to the main activities; the latter 
are found in the top portion of the diagrams and are con-
nected directly to the recycling actors which they affect. 



s 
0 
_J 
LL 

LU 
u 
0:: 
::> 
0 
(/) 
LU 
0:: 

(.9 

z 
::::::i 
u 
>u 
LU 
0:: 

s 
0 
_J 
LL 

LU 
u 
0:: 
::> 
0 
(/) 
LU 

MOTIVATIONS 

POLICIES 

RECYCLING 

ACTOR 

RESOURCES 

ACTIVITY 

a: INFORMATION z 
<( INPUT 
~ 

POLICIES 

ACTORS 

FIGURE 1 

THE RESOURCE USE AND RECOVERY PROCESSES 

.DO .::oo .:DD .:DD .:DD 

INSULATION ~ 

~----~ 
-------------= _/'::_:_=eDET::R-~~~--=-- SHIPPER 

FOUNDRY -------------- _- :::::::.-.:::.:::_ 

......:::. ........... _--- ----.. __ 
GL -88 /'- ------- -----------

------ - BOTTLE 
-- ~ WASHER -------------

'-....._ 

MINING & 
HARVESTING 

DD 

\ \ 
\ \ 
\ 

MANUFACTURING 

CJDD 
CONVERTING DISTRIBUTING 

DD DD 
PURCHASING/ 
CONSUMING 

I 
I 
I 
I 
I 
I 
I 

--l 
I 
I 
I 

8 
DISPOSING 

DDDD 

XBL 786-2573 



20 

3. Motivational Considerations 

These are social and economic forces that motivate the 
main actors along the main resource and recycling paths. 
For the main resource use actors, these are found directly 
below the central activity; for the recycling actors, they 
are shown at the top of the diagrams alongside single or 
multiple diamonds. The diamonds refer to key decision 
points where the actors have the choice between recycling 
material or discarding it, and between using recycled 
material or virgin material. 

C. CONCLUSIONS 

It is not possible to determine which of the three 
techniques--RDSF, pyrolysis and incineration--is more 
economically advantageous. Only site specific analysis can 
determine the best choice of techniques because three 
variables--design options, financing arrangements and mark
eting arrangements--differ too significantly ffrom site to 
site to allow generalization of their effects on the choice 
of process. 

Recycling of glass, aluminum and ferrous metals is com
patible with energy generation whether done mechanically at 
the recovery plant or by the public prior to municipal solid 
waste (MSW) delivery. This holds because these materials 

---m-ust be removed -prior to energy production. Of these recycl
ables, ferrous metals are most efficiently recovered through 
mechanical means. At present, glass and aluminum appear to 
be best recovered through pu~lic recycling and source 
separation programs, although this situation is subject to 
state-of-the-art developments in recovery equipment, local 
market conditions and the costs of local collection. News
print can be either recycled or converted to energy, but the 
former appears more energy efficient. 

An effective source separation program, in a high par
ticipation scenario, can reduce the MSW by 15%. It is impor-
tant to consider this potential in planning resource 
recovery options since any reduction in the MSW stream will 
have a bearing on the size of the facility that will be 
necessary. 

The location of waste processing facilities is the most 
important factor in assessing the pros and cons of any par
ticular process. MSW processing plants are of obvious 
interest in densely populated areas where pollution prob-
lems and in particular air pollution are most dramatic. 
Preference for one process rather than another does not 
necessarily reflect data derived from market forces alone. 
California, for example, has imposed stringent regulations 
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on air pollution - hence preference in this state is given 
to pyrolysis despite economic disadvantages (both capital 
and operating costs), since air pollution is negligible when 
it is used. Also under consideration in California are 
low-cost, package incinerators but these, too, are con
tingent upon federal and state evaluation of their air qual
ity impact. 

The separate collecti6n of recyclable materals is gen
erally compatible with garbage reprocessing centers. The 
degree of compatibility, however, is dependent on several 
factors, including the types of materials collected by each 
system the market value of the recycled products, the cost 
of coilection and the efficiency of the mechanical recovery 
equipment. 

Newsprint recycling is the activity potentially most in 
conflict with operation of a resource recovery plant since 
removal of newsprint from the waste stream will affect the 
heat value of the fuel and the subsequent revenue derived. 
The loss of heat value is slight--around 10%--~nd is more 
than compensated by· the higher energy savin~s achieved by 
recycling the fiber, rather than burning it. These savings 
are around 12% per collected ton of newsprint compared to 
the use of RDSF converted to steam, and almost 300 % com
pared to RDSF converted to electricity., 

0 f a 11 the mater i a 1 s , news p r in t is _the most s u it a b 1 e 
for separate collection. It has a relatively long history 
of profitable and successful collection both in separate 
vehicles and in conventional garbage trucks which have been 
modified. Less cost effective have been source separation 
programs which collect, besides newsprint, glass and metals. 
In some communities, high labor and other collection-related 
costs may seriously deter the creation of such multi
material programs. 

In other cases, however, multi-material collection can 
offer a favored alternative to the use of costly materials 
recovery equipment in a garbage processing plant. The excep
tion to this generalization is ferrous metals recovery where 
magnetic separation has a far superior recovery efficiency 
than separate collection. It averages 94% recovery of this 
metal. Source separation programs, by comparison, can 
reclaim 15% in a high participation scenario. However, 
steel cans collected separately have a much higher degree of 
purity than mechanically separated ferrous metal and can 
therefore command a higher market price, which may be an 
offsetting consideration in some areas. In any event 
mechanical recovery of ferrous metal will be cost effective 
even with prior removal of some of the metal by a source 
separation program. 
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The inclusion of aluminum recovery equipment at a 
resource recovery fa~ility appears to be uneconomical at 
this time. The equipment has not been throughly demon
strated. It is costly $500,000 or more for a 1000 tpd 
plant -- which requires that a large volume of aluminum be 
recovered. At present, its not certain that sufficient 
aluminum is available. Regardless of whether aluminum is 
recycled via on-site pick-up or through recycling centers, 
between 25-40~ of the valuable metal is likely to be col
lected by the public. The remaining tonnage is further 
reduced by inefficiencies in the mechanical recovery pro
cess. Uncertainty also results from the possibility that a 
beverage deposit law could significantly reduce the volume 
of aluminum in the waste stream. 

Mechanical separation equipment can recover about 50% 
of the glass available. This is about the same level of 
recovery that can be expected from source collection, in a 
high participation scenario. Of the two systems, source 
collection provides many advantages. It relies on proven 
technology as opposed to the equipment in mechanical systems 
and it recovers a higher grade of glass which can be color
sorted and readily marketed. Because of its low market 
value, glass is not a revenue-maker for either recovery sys
tem and so low annual costs are an important consideration. 
Iri this respect, glass recovery via source separation has 
the advantage of "piggy-backing" onto the collection of 
other more valuable materials at little extra expense. 
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END USE ENERGY CONSERVATION DATA BASE AND 
SCENARIOS 

The end use energy conservation scenarios discussed 
below show the combined effect on energy consumption of 
implementing a number of conservation measures. The 
scenarios serve two overall purposes. First, they provide a 
contrast of a series of nonconservation cases based on 
assumptions of growth rate and appliance saturation with 
conservation cases based on similar assumptions. Second, 
they provide detailed data and documentation for the savings 
potential for each conservation measure, the stock affected, 
and the calculation of total energy savings. Included are 
conservation measures of both a behavioral nature (e.g. 
night thrermostat setback) and a technological nature (e.g. 
better hot water heater insulation). Several water conser
vation measures and the associated energy savings were also 
incorporated to demonstrate how water conservation .could be 
factored into a comprehensive energy conservation program. 

The scenarios include assumptions about economic, demo
graphic, behavioral and technological variables, such as 
population, growth and decay of energy using stocks, appli
ance saturation, and conservation implementation levels. 
Some assumptions are imbedded in projections used as input 
to the scenarios; these assumptions cannot be changed 
directly and are so noted in the main report. Other assump-
t ion s f o r m t he b a s i s o f c a 1 c u 1 at ion s mad e---an-d-c-a-n-b-e-c-h-a-n-g-e-d' ____ _ 
to construct alternative scenarios; these also are indi-
cated. Some of the major assumptions are: 2.1 births per 
female between 1970 and 2020; a more than doubling of 
residential units; a decline in persons per residential 
dwelling from 3.03 in 1970 to 2.56 in 2020; annual growth in 
real per capita income ranging from 1.76 percent to 2.5 per-
cent; an increase in commercial floor space per capita from 
126 square feet to 209; a growth of freight proportional to 
industrial growth; an increase in the time spent in automo-
biles from 55.8 minutes pe~ person per day in 1970 to 80 
minutes in 2020; a four fold increase in energy prices for 
the industrial sector; and a 3.34 percent average annual per 
capita growth rate (a continuation of the historical trend) 
in the value of industry shipments. 

Quantitative estimates of energy consumption and con
servation potential in the major residential and commercial 
end-uses, transportation modes, and industrial subsectors 
have been made. The residential and commercial savings 
include the anticipated effect on energy consumption of the 
new California residential and non-residential building 
codes and efficiency standards; estimates of the savings 
potential were taken directly from the California Energy 
Commission's public testimony and forecasts. The savings 
estimates are based upon the individu~l conservation meas
ures that comprise the codes. These measures could be 
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implemented in other regions through alternative mechanisms 
to codes and standards. The estimates of the savings poten
tial attributable to the code are, therefore, tantamount to 
the savings estimates expected from implementation of the 
combination of measures that the codes embody, given 
climatic zones similar to the five factored into the esti
mates. In most cases, the maximum potential savings from a 
given measure can be estimated for any region of the nation 
by making the appropriate adjustment to account for changes 
in the scale of factors such as population and energy using 
stocks. In some cases for the residential and commercial 
sectors, the savings potential al•o must be adjusted to 
account for climatic conditions or other factors unique to 
the region. 

For each measure and for the total scenario, a base 
case and a conservation case were computed. The cases 
differ by the exclusion or inclusion of the effects of the 
conservation measure(s). The end use saturation changes 
over time. The same progression of saturation changes are 
maintained between the base case and the conservation case 
to isolate the effect of the conservation measure(s) 
applied. Similarly, population projections and growth and 
decay rates of energy using stocks were maintained between 
the base and conserv•tion cases. 

Most of the scenario assumptions which were made can be 
changed to reflect different conditions, such as attitudes 

----r~~~~~1~fam1ll(:Size, aurao1r1ty estimates of energy using 
stocks, or lifestyle changes that affect the purchase or use 
of a given appliance or transportation,mode. The implemen
tation level of a conservation measure also can be changed 
to reflect a variety of responses to a given policy. In 
addition, conservation measures can be combined and new ones 
added. 

For the residential, commercial and transportation sec
tors, the conservation measures are chosen from matrices 
that pair a wide variety of conservation measures with the 
corresponding end uses. The selection of measures can be 
varied and measures can be isolated to reflect either the 
policies or end uses that are of particular interest. Many 
combinations are possible but care must be exercised to 
avoid double counting. Scenarios were constructed that 
include conservation measures excluded from the scenarios 
which are reported below. The measures were excluded to 
avoid the double counting problem. Due to time and budget 
constraints, not all the scenarios that were constructed are 
described below, and only a subset of all possible conserva
tion measures have been quantified and included in the 
scenarios that are discussed. 

The residential and commercial end uses, transportation 
modes, and industrial subsectors for which the scenarios are 
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constructed are listed below. 

RESIDENTIAL 
El~ctri,c 
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a. Refrigerators, Frost Free and Standard 
b. Freezers, Frost Free and Standard 
c. Central Air Conditioners (SF,MF,MB) 
d. Room Air Conditioners 
e. Space Heating (SF,MF,MB) 
f. Water Heating (without 
clothes-washer) 

and with dishwasher, 

g. Cooking 
h. Television (Color and Black and White) 

• >, ·~ ' 

i. Clotheswasher 

~ 
a. Water Heating 
washer and clothes 

(SF,MF,MB, 
dryer) 

without and with dish 

b. Cooking 
c. Swimming Pool Heaters 
d. Clothes dryer 
e. Space Heating (SF,MF,MB) 
f. Miscellaneous 

COMMERCIAL 
END USES 

a. Heating 
b. Cooling 
c. Waterheating 
d. Lighting 
e. Other 

BUILDING TYPES 
a. Retail-Whole~ale 
b. Office. 
c. Auto-repair 
d. Education .Services 
e. Health Services 
f. Hotel-Motel 
,g. Miscellaneous 

TRANSPORTATION 
Pa§s.enger 
a. Automobile 

SIC CODE (40-99, excluding 88 
including 50-59,excluding 554 
60-67,72-73,86 
75,554 
82 
80 
70 
all ot.hers 

b. Light Truck and Van 
c. Airplane (commerciai)· 
d. Bus (intercity, scho~l, and local) 
e. · Railroad · · 
f. Motorcycles 

and 491) 

g. Other (mass transit, private aviation, recreation, 
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etc. not included a~ove) 

fre~&bk 

a. Truck 
b. Railroad 
c. Airplane 

INDUSTRIAL SUBSECTOR 

a. Agriculture 
b. Cement 
c. Chemicals 
d. Construction 
e. Food and Kindred Products 
f. Glass 
g. Iron and Steel 
h. Petroleum Refining 
i. Rubber 
j. Stone, Clay and Glass 
k. Primary Metals 
1. Fabricated Metals 
m. Machinery 
n. Electronic Equiptment 
o. Transportation Equiptment 
p, Lumber 
q. Paper 

SIC 

01,02,09 
324 

28 

20 
322 
331 

29 
30 
32 
33 
34 
35 
36 
37 
24 
26 

In-tne resiaentilfl ana commercial sectors, a building 
block approach was used to facilitate the scenario calcula
tion and to increase flexibility of the calculation tool. 
The building block is a data sheet on which is contained 
specifi ; information about each conservation measure and the · 
stock it affects. 

In the transportation and industrial sectors, this 
degree of data flexibilitY was not possible due to data lim
itations. In the transportation sector the data were col
lected from a number of published sources. In the indus
trial sector, our estimates are based on an unpublished 
report for the National Academy of Sciences. In this study, 
data were collected nationally for ten major industries by 
polling experts on the conservation potentials of their 
respective industries. These potentials were revised by 
California industry experts to determine the extent to which 
the national data apply to California. Energy conservation 
projections for u.s. industry under conditions of an assumed 
four-fold increase in fuel prices have been modified to 
apply to California. 

Computer software was developed to construct scenarios 
that calculate the cumulative effect of various conservation 
measures. The basic approach for the conservation scenario 
construction is to quantify base year (residential-1975, 
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commercial-1970, transportation and industry-1974) unit 
energy consumption by end use, travel mode or industrial 
subsector, reduce unit consumption by the estimated conser
vation potential in the appropriate year, adjust for 
saturation, and extrapolate by implementation levels and 
projections of housing units, commercial floor space, travel 
demand or industrial growth that account for growth and 
decay of the appropriate energy using stock. The projec
tions were made for 1980, 1985, 1990, 1995, 2000 and 2020. 

Future energy consumption for many .end uses (e.g. 
cooking, television, buses and motorcycles) was projected 
without the effect of any conservation measures. The cover
age of end uses, transportation modes, and subsectors for 
which energy consumption has been estimated, however, is 
almost completely comprehensive. Consequently, projections 
of total energy consumption may be overstated and projec
tions of energy savings from conservation may be under
stated. This understatement of potential savings is offset, 
somewhat, by the assumption of a 100% implementation level, 
which is probably higher than what will actually occur, 
especially in the short run. 

The behavioral and technological measures that are 
incorporated in the scenarios were selected on the basis of 
their potential for effecting large energy savings in the 
major end uses within each sector. The measures included in 
the scenario are as follows: 

Industrial sector--housekeeping (leakplugging, equip
ment maintenance,insultaion);process improvements; 
waste heat recovery; new, more efficient facilities; 
in-plant recycling. 

Commercial Sector--building and appliance efficiency 
standards for water heaters, spaceheaters, and air con
ditioners in new and old buildings; low-flow devices to 
reduce water consumption and solar water heaters with 
efficient backups; and reduce~ and task lighting in new 
buildings and delamping in old buildings. 

Residential Sector--solar water heating systems with 
efficent electrical backup heaters designed for loads 
reduced by water conservation; building and appliance 
efficiency standards for space heating and air condi
tioning, and replacement of frost-free refrigerators 
and freezers by non-frost-free units. 

Transportation Sector--reduced travel speed, smaller 
and lighter weight automobiles with improved engines; 
continuously variable transmissions and streamlining of 
trucks with emphasis on diesel engines; airplanes with 
high by-pass engines on narrow badies and improved 
passenger load factors; and str~amlined, lighter 
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pa~senger and freight trains with improved passenger 
load factor~ and reduced empty freight car back haul
ing. 

The impacts of these conservation measures are illus
trated in Figures 1-4, which present consumption by sector. 
The figures show similar results--a more gradual growth of 
energy consumption in the con~ervation case compared to the 
base case, resulting in a widening gap between the two cases 
over time in the total amount of energy consumed. By extra
polating the growth variables, a gap results between the two 
cases by the year 2020 of approximately 6.3 quads, which is 
115% of 1975 energy consumption. Total energy consumption 
increases from 5.5 quads in 1975 to a 2020 estimate of 13.2 
quads with conservation and 19.5 quads without conservation. 
The largest savings occur in the industrial and transporta
tion sectors--2.7 and 2.4 quads respectively--and the smal
lest savings in the commercial sector--0.6 quads--and the 
residential sector-~0.7 quads; the sectors with the largest 
savings are the ones with largest consumption. 

No analysis of the growth rates of the variables that 
partially determine the magnitude of energy consumption in 
each sector (e.g. per capita value of industrial shipments, 
travel demand, rate of increase in commercial floor space or 
number of residential housing units) has been made to deter
mine the most liekly rates. Varying the growth rate for one 
such varraD1~1rl change the amount of energy consumption 
and savings. A change in the rate of growth could be attri
butable, for example, to a change in population, fuel avai
lability or attitudes and values; these in turn may result 
in changing preferences for type or density of housing, 
demand for goods and services, and derived demand for inter
mediate and primary industrial production. 

A more detailed inspection of each sector reveals the 
end uses and conservation measures from which savings are 
realized (Figures 5-8). The shaded portions of Figures 7 
and 8 indicate consumption with energy conservation; the 
unshaded portions represent consumption without conserva
tion. 

In general, the largest end uses have the largest sav
ings. The modes, enduses or subsectors having the greatest 
absolute savings are not always the ones with the highest 
savings potential (expressed as the ratio of unit energy 
savings to unit energy consumption). For example, in 
residential and commercial air conditioning, large percen
tage savings can be realized from improved building and 
appliance efficiency codes and pas~ive solar housing. In 
the industrial sector, the food, construction, and iron and 
steel subsectors have higher savings potential than the 
petroleum refining and chemicals subsectors, which have the 
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Figure 1. Residential Sector Energy Consumption. 
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Figure 2. Commercial Sector Energy Consumption. 
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Figure 6. Commercial Sector Energy Savings. 
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highest absolute savings. These exceptions are only tenta
tive, however, because the full conservation potential for 
any enduse has not yet been estimated--implementation of 
additional measures would change the conservation potential 
and could alter the relative amounts of saving of some end 
uses. This is particularly true of the transportation sec
tor. The level of government (local, state, or national) at 
which conservation policies can be implemented varies with 
the transportation modes and measures in question. Some 
measures, such as encouragement of carpooling, are amenable 
to state and local government action; others, such as rail 
and airplane efficiency standards, are not. Thus caution is 
required in the calculation of transportation energy conser
vation potential. 

The transportation scenario highlights the role of a 
few conservation measures that reduce automobile energy con
sumption. The improved heat engine, combined with 
smaller,more light weight cars and reduced travel speeds 
yield a cumulative energy savings, when fully implemented, 
of approximately 55% of the total automobile energy consump-
tion. With the exception of reduced travel speed, these 
savings are prorated in proportion to the percentage of 
travel in new cars that have the design improvements. 
Because automobile energy consumption accounts for approxi-
mately 60% of the total California transportaion energy con
sumption, this change strongly decreases annual energy con
sumption. The initial decrease in estima-ted~.~t-r-a-n-s-per-t-a-t-i-en----

energy consumption reflects this impact. 

The conservation measures for the residential scenario 
are ranked in descending order of savings attained in 2020. 
The largest savings are realized in space heating, the end
use in which the most energy is c~nsumed iri all scenario 
years in both cases. Presently natural gas is the major 
energy source for space heating; the conservation measure 
that reduces gas used for space heating (RSH-1-G), is conse
quently the largest energy saver. Passive solar housing 
(RAC-5) ranks second because of the energy savings from air 
conditioning in the later scenario years. Generally meas
ures that affect new stocks result in larger overall savings 
than the corresponding retrofit measures because of the 
relative importance of new stocks over existing stocks. 

Of the measures applied to the commercial sector, the 
two measures resulting in the largest savings are, first, 
downwatting and task lighting, followed by more efficient 
heating and cooling systems combined with better insulated 
building envelopes. Measures that affect new building 
stocks result in larger absolute savings than comparable 
measures affecting existing stocks; savings from the latter 
measures peak relatively early and then decline over time as 
existing stocks diminsih. This early peak produces a 
decline in the estimated commercial energy consumption 
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curve before the eventual upward trend begins. Between 
fifty-six and ninety-one percent of the savings from each 
measure occur in retail-wholesale, miscellaneous, and office 
buildings. A conservation strategy in the commercial sector 
directed toward these three building types has the potential 
for yielding large energy savings. 

In th~ comme~cial sector, the effect of climate on 
energy savings can be shown by comparing space heating con
servation potential for new building stock in northern with 
southern California. Even though for all building types, 
the floor space in southern California is almost double that 
of northern California, the savings potential connected with 
space heating for retail-wholesale buildings in northern 
California is only 13% less than the savings for this build
ing type in southern California. For the next major build
ing type--Miscellaneous--northern California savings exceed 
the corresponding southern California savings by 12%. These 
results reflect the higher energy intensities for space 
heating of northern California commercial buildings compared 
to the same building types in the southern part of the 
state. 

The data upon which the graphs and discussion are based 
are presented in tabular form in the main report and it~ 
appendices. For each sector the tables for a base and con-

__ s_e_r_y_a_t_i_Q n sec n a rio are inc 1 u de d . The r e s_u_Lt_Lng_g_c_e_n_ar_Lo_s, _______ _ 
indicate the energy consumption by end use, fuel type, tran-
sportation mode, industrial subsector and utility service 
areas that can be aggregated into two climate zones (~orth-
ern and southern California) permitting application to many 
other areas of the United States. The scenarios are not 
intended to provide point estimates of energy consumption in 
a particular year, but rather to contrast two conditional 
consumption scenarios and evaluate the potential savings due 
to energy conservation. 
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