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ADDENDUM 

This addendum, to Report HIT-693, "Comprehensive Community 
Planning for Energy Management and Conservation" (First 
Interim Report), has been provided to summarize the comments 
made by the project Evaluation Panel on the content and 
format of the report, and the overall progress and direction 
of the study. The comments discussed in this Addendum were 
made at the project Evaluation Panel meeting, which was held 
on April 12, 1977. Attendies at that meeting are listed in 
Attachment l. 

Overall, the Evaluation Panel members• opinions of the 
report were very favorable. The general opinion of the Panel 
members was that the report was very comprehensive, and that 
the amount of work exhibited was substantial, in view of the 
time elapsed thus far on the contract. The group, however, 
did provide a thorough and critical review, and from that 
review several comments/suggestions were made which will 
assist the project team in focusing the remaining work, 
and assuring that the end products of the study will have 
a high degree of utility for their intended users. 

· In this Addendum, the major comments of the Evaluation 
Panel members are discussed in four sections: General Com­
ments, Comments on the Community Characterization Procedure, 
Comments on the Energy Analysis Procedure, and Comments on 
the Application Framework. Within each of these sections, 
each major comment is stated in summary form, and the pro­
ject team's response is then provided. 

A. General Comments 

Several comments were made which did not relate to any 
particular technical section of the report, but rather to 
the project as a whole. These are discussed below: 

COMMENT: The report should more strongly reflect the per­
spective of a practicing planner. 

RESPONSE : An ext en~ ·: , ,~ i n t er action w i th the "user co mm uni ty , 11 

to provide review and teedback on the utility of project 
outputs, has been scheduled as an important phase of the 
project. As indicated in the original Project Work Plan, 
this activity is accomplished in Work Area 400, Assessment 
and Refinement. Specifically, the project team has decided 
to identify a sample of community planners which may be 
typical users of the project's outputs, and to consult with 
these individuals to determine what the precise nature of 
their work is, what their primary requirements are ir the 
area of energy analysis capability, and for what typE,s of 



applications would they be most likely to use the project's 
outputs. In the course of this consulting activity, first 
skeleton drafts or summaries of the project outputs will 
be developed. Subsequently, a user panel will be convened 
to review and comment upon the format, structure and content 
of the planned outputs. This activity will be accomplished 
during the month of May. 

COMMENT: The length and complexity of this report would 
intimidate its users and possibly deter from its usability. 

RESPONSE: This comment is more germane to the development 
of user documentation than to this first interim report. It 
should be recognized that this report is oriented for the 
client, ERDA, rather than for the ultimate users. As such, 
it is basically an expository document, designed to show the 
full range of factors considered. It is intemded that actual 
user outputs wi·ll be significantly briefer, and structured 
such that, depending on the user's particular application, 
much of the detailed information can be avoided. 

COMMENT: Community growth and development is essentially 
a marginal process, and the majority of applications to 
which the methodology would be put would involve a planner 
trying to assess the energy impacts of competing marginal 
development alternatives. On the basis of this, the project, 
and the report, should emphasize the analysis of marginal 
impacts rather than comprehensive planning. 

RESPONSE: The methodology provides amply for both marginal 
impact analyses and comprehensive planning. In the report, 
six typical applications of the methodology are presented. Of 
these , three are mar g i n a 1 impact assessment sch em,~ s . I f , 
in the course of the upcoming user interviews, it becomes 
obvious that marginal impact assessment is the ov~rwhelmingly 
most likely use of the tools, then the project outputs will 
be modified to place additional emphasis on margi1al ap­
proaches and less on comprehensive ones. Furthermore, the 
project team will consider separately binding that portion of 
the method o 1 o g y which de a 1 s with margin a 1 impact .1 s s es s men t , 
i n a s ma 1 1 e r u s e r ma n u a 1 , f o r t h e p u r po s e o f i n c r ,~ a s i n g i t s 
access i bi l i ty . 

C OMMEN T : T h e me t hod o 1 o g y f o r e n e r g y i m p a c t a s s e s :; me n t w a s 
very complex, and as such, the cost of making the assessment 
may be 1 a r g e r t h a n t h e v a 1 u e o f a n y e n e r g y s a v i n g :; o b t a i n e d 
through using the methodology. 

RESPONSE: The issue of complexity in this report has been 
previously addressed. As stated above, this repo~t is not 
intended as a user document, but as an exposition of concepts 



for the client. Obviously, user manuals will be ultimately 
developed, and will emphasize simplicity and ease of use. 
Furthermore, in connection to the question of the cost of 
impact assessment, and the relationship of those costs to 
the value of energy resources saved, it is unlikely that the 
cost of impact assessment would be greater than that of the 
resulting energy savings, because the impact assessment is a 
one-time cost, while the energy savings are recurrent through 
time. In addition, it should be noted that the real cost of 
several energy forms is rising, and is predicted to continue 
rising, at a faster rate than the cost of the labor required 
to perform the analysis. 

COMMENT: Consideration should be made of the cost of making 
the energy impact assessments prescribed in the methodology, 
and specifically, to what degree would making such assess­
ments increase the cost of development or construction. 

RESPONSE: All efforts are being made to keep the methodology 
steps, at the planner level, very simple and straight­
forward. When the final methodology is fully developed, and 
testing completed, quantitative statements about its impact 
on the cost of development may, and should, be made. 

B. Comments on the Community 
Characterization Procedure 

The following comments were made which were specifically 
related to the Community Characterizations Procedure (CCP): 

COMMENT: Use of the CCP may require the obtaining of secondary 
data from sources not familiar to the users. 

RESPONSE: In the development of user manuals, whenever data 
input is required, suggestions will be included regarding 
generally where and how the data may be obtained. It is not 
expected that familiarity with data sources will become a 
problem, however, as the methodology is being developed 
specifically to use data from sources with which planners 
are familiar. 

COMMENT: In using the Physical Characterization Procedure, 
which presents average values for estimating parcel level 
land use descriptions on the basis of more gross measures, 
the inaccuracy introduced by using such averages may be 
larger than the energy impacts which this methodology is 
intended to measure. 

RESPONSE: Whenever a mean, or average value is presented in 
the CCP, three other types of information will be presented 



w i t h i t . F i r s t a d e s c r i p t i o n o f t h e p a r a m e t e r , a n d r; o w i t 
is calcualted, will be presented. From this, the user may 
re-construct the parameter with data specific to his locality. 
S e c o n d , t h e s o u r c e o f t h e p a r am e t e r ·1t1 i l 1 b e c i t e d , a n d t h e 
sample from which the parameter was estimated will be described. 
From this, the user may determine to what degree his community 
is like, or unlike, those communities from which the parameter 
was calculated. Third, a range of accuracy will be associated 
with parameters given, such that the user may know, quan­
titiatively, what degree of error was introduced by using 
the parameter. Where this qualifying information is not 
available, numerical parameter values will not be provided, 
so that no false sense of accuracy will be introduced. The 
validity of this approach will, of course, be evaluated 
during the Assessment and Refinement phase and the Test and 
Evaluation phase. 

C·. Comments on the Energy 
Analysis Procedure 

The following comments, and their discussion ha·,e been 
presented with respect to the Energy Analysis Precedure: 

COMMENT: There appears to be a major ambiguity in the pro­
blem as stated by ERDA, and that this ambiguity is confusing 
the direction of the project. Specifically, the lack of 
definition of target communities has forced the deve1opment 
of tools which have broad applicability. But, to attempt to 
provide something which fs somewhat useful for all com­
munities may result' in a product which is highly useful for 
none. Furthermore, the emphasis placed on tools for use by 
ATMES, ACUCS, and other ERDA research programs appears to be 
inconsistent with the overall goal of assisting practicing 
planners. 

RESPONSE: The project team, in response- to ERDA previous 
comments, is continuing to place emphasis on the development 
of the methodology and analytical tools for use at the 
planner level. At the energy analyst level, emphasis is 
continuing to be placed on the demand estimating techniques. 
These two areas of emphasis are reflected in the fact that 
the full scale test of the methodology on a real community 
wi 11 be done at the planner 1 evel. The demand profi 1 es, 
while they will be individually verified, will not be field­
tested in aggregate during this phase of the project. This 
is due, in part, to the fact that a full scale test of the 
profile generating algorithms requires full computerization 
of the procedure, which is beyond the scope of this phase of 
project. 

COMMENT: Due to work currently under way at the National 
Laboratories, at ERDA, and among EROA's various contractors, 



it would be redundant and unnecessary for this project to 
attempt developing energy balance algorithms, or algorithms 
which simulate energy supply and distribution networks. 

RESPONSE: As ERDA has previously expressed, a central need 
of their overall research program is for good methodologies 
to estimating community energy demands. Other researchers, 
however, have already accomplished more work on the simulation 
of supply systems and the balancing of supplies and demands 
than could be accomplished using the resources of this 
project which are available for that task. Thus, it has 
been decided to concentrate efforts of this project on 
developing the demand-side methodologies. 

D. Comments on the 
Application Framework 

The following comments and discussion relate specifically 
to the Application Framework, as presented in the First 
Interim Report: 

COMMENT: When considering an action alternative, option, or 
pol icy, the practicing planner would first make a 11 0,uick 11 

· 

implementability assessment, then make a detailed quantitative 
impact assessment, and finally make a thorough irnplement­
abiiity assessment. It was suggested that the AF incorporate 
the quick implementability assessment as one of the initial 
steps. 

RESPONSE: This comment will be brought to the attention of 
the practicing planners in the forthcoming round of con­
sultations, and if it proves to be the case, the AF will be 
modified accordingly. · 

COMMENT: The list, or "catalog," of energy conservation 
options for planners should be organized to reflect the 
particular areas where the planner has leverage or control. 

RESPONSE: This approach will be taken in structiuring the 
user manuals. 

COMMENT: Along with each conserving option specified, the 
unit energy savings impacts should also be given, to allow 
very "quick and dirty 11 analyses of potential energy savings. 

RESPONSE: This data will be provided, on a per-unit affected 
basis, wherever possible. 

COMMENT: The presentation of the methodology in any type of 
user manual should include a series of worked out examples 
for typical appli.cations. 



RESPONSE: This approach has always been planned, as part of 
the user manual development, and this comment reaffirms the 
validity of that plan. 

COMMENT: The project team should consider deleting all 
decision aids in the AF, such as the method for preliminary 
selection of alternatives, and the method for ranking, 
comparing and selecting from among those alternatives which 
had been evaluated. The rationale for this was that practicing 
planners already had ways of making decisions, and.would 
regard our methods as somewhat presumptuous. Thus, the 
implication' was that the project team should concentrate on 
accurate impact assessment and de-emphasize decision-making 
aids. 

RESPONSE: The Evaluation Panel did not achieve a concensus 
op1n1on on this point. ·Some felt that the decision making 
aids were important, though the specific form of the aids 
presented in the report may require some refinement. The 
outcome of the discussion was to leave them in the report 
until the user consultation, then let the users comment on 
their utility. It was also agreed to de-emphasize the 

. precise form or techniques presented, and to concentrate 
simply on the need for the activity, in one form or another. 
Reference was also made to the extensive literature on 
multi-attribute decision making tools which currently 
exists. 

------------ --·--------------- -----'---
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ABSTRACT 

This document is the first interim report of work performed 
under the Comprehensive Community Planning for Energy Management 
and Conservation project. This project has been supported by 
the Energy Research and Development Administration, Office of 
Conservation, Community Systems Branch. This report documents 
results of the first four months of effort on this project. 

The objective of the project is to develop a methodology 
which will enable community planners and/or energy analysts 
to evaluate the impact of proposed planning measures on the 
energy use and supply patterns existing in the community. To 
do this, the project team is developing an overall methodology, 
and two major analytical tools which are used within that 
methodology. The overall methodology contains guidelines for 
examining existing energy usage and supply patterns in the 
community, defining community energy goals, and identifying 
action alternatives which are capable of achieving those goals. 
Once action alternatives are identified, the two analytical 
tools are used to evaluate the alternatives. The first analy­
tical tool, the Community Characterization Procedure (CCP), 
enables the user to estimate the likely impact of proposed 
alternatives on the physical makeup of the community. The 
second analytical tool, the Energy Analysis Procedure (EAP), 
enables the user to quantitatively analyze the impact which 
anticipated physical changes will have on the energy usage and 
supply patterns existing. When the physical and energy impacts 
of proposed alternatives are determined, the methodo~ogy then 
provides the user with guidelines for assessing the ~mplementa­
bility of alternatives, ranking and comparing them, and making 
a final selection of action items. 

This report presents the results of a survey of current 
knowledge, which has been done prior to initiating conceptual 
work on the development of the products mentioned~ :t also 
presents the res u 1 ts of the in i ti a 1 concept u a 1 e ff or·: s . 

I n t h e d e v e 1 o pm e n t o f t h e o v e r a 1 1 m e t h o d o 1 o g y , ·:: h e c o n c e p -
tual work reported here includes preliminary work on providing 
guidelines for performing a baseline community energ~; use 
audit, developing and selecting community energy goals, identi­
fying and classifying possible action alternatives, ilSsessing 
their implementability, and comparing and ranking them. 

In the development of the Community Characteriz.ition Pro­
cedure, this report presents a preliminary method to classify 
and describe a community's physical makeup, which bridges the 
gap between land use categorization and energy analy3is. It 
also presents a preliminary description of how community 

_ _u_ ____________________ .,..__._-,--,__,._ ·---····· 



decision making processes operate, and a description of how 
their operation may ultimately (or immediately) affect energy 
use patterns. It further presents preliminary concepts on how 
the planner, through an analysis of the various decision making 
processes, may develop an estimate of the possible range of 
physical impacts associated with an action alternative which is 
being considered. 

In developing the Energy Analysis Procedure, this report 
presents the preliminary selection of energy using activities 
which will be included in the analysis procedure. It presents 
preliminary concepts on how the energy use patterns associated 
with each activity will be quantified, and how these quantita­
tive patterns will then be summed up to represent the overall 
community energy use patterns. 

The rema1n1ng ten months of effort on this project will 
include completion of the conceptual development, data collec­
tion, conceptual and field testing, user assessment, and the 
development of recommendations for future research. 
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I. INTRODUCTION 

Land and energy supplies are two of mankind 1 s most funda­
mental resources. Land provides the base from which all of 
man 1 s activities arise. Energy is the driving force for those 
activities. The way land is used has a direct impact upon the 
way energy is used. This fact has been thoroughly documented 
through research, though it has long been obvious to any 
commuter who drives an automobile forty-five miles to work each 
day. In recent years, as certain energy forms have become 
scarce, and as all energy forms have become more costly, man has 
been forced to take a serious look at all of his activities, and 
scrutinize them in terms of the efficiency with which they use 
energy. In doing so, one fact has become painfully clear: 
throughout the course of modern history, due to the fact that 
energy has been relatively inexpensive, man has arrayed his 
activities over the land in such a way that a large, and ever­
increasing, amount of energy is required to support those acti­
vities. Little can be done to change the past. The energy 
efficiency of specific activities can be improved in _a variety 
of ways, and measures to induce those improvements have been 
developed, and, in some cases, implemented. But the actual 
spatial arrangement of activities is fixed. Thus, the main 
opportunities for reducing energy use through the spatial ar­
rangement of activities lie in the redevelopment of previously 
developed areas, and in the wise development of previously 
undeveloped areas. Both of these functions normally fall within 
the responsibility of community planners and decision makers. 
Planners plan, or propose, the spatial arrangement of activities 
(or activity types). Decision makers, such as mayors, city 
councils, city managers, etc., normally review the proposals of 
planners, and with the input of various citizen groups, either 
adopt or reject the plans proposed. If the array of human 
activities upon the land is to be fashioned in a way which lends 
itself to a more efficient utilization of energy, then it will 
be necessary to endow community planners and decision makers 
with an understanding of the relationships between land use and 
energy use. In the broadest sense, this is the purpose of this 
study. 

A. Objectives 

As mentioned above, in the broadest sense, the objective of 
this study ·is to provide community planners and decision makers 
with an appreciation for the energy use implication of various 
land use patterns. The approach to this task is a pragmatic 
one. The study and its products will provide some basic informa­
tion which will be educational to planners and decision makers, 
but its main thrust will be to provide usable, practical tools 
which can be used to evaluate the energy use implications of 
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land use alternatives. Development and use of such tools will 
allow more energy-efficient urban spaces to be designed for the 
future, and will allow planners to include energy use consid­
erations in their overall comprehensive planning processes. 

This study represents one part of ERDA's overall energy 
conservation research program. The overall program involves 
conservation research in the areas of building design and use, 
transportation, and industrial processes. The Community Systems 
Branch of ERDA is directly responsible for initiating and fund­
ing this research. 

On a more specific level, this study has been initiated in 
order to develop three major products. These products are: 

• An overall methodology which community planners, 
decision makers, or energy analysts can use to incor­
porate energy considerations into the planning process; 

• A pair of analytical tools to be used as part of the 
methodology developed. The first of these tools is 
one which enables its user to develop estimates of the 
changes in the community's physical composition, 
structure, and form which would ensue from various 
planning actions; and 

• The second of which would enable its user to estimate 
the changes in energy use patterns which would result 
from the changes in physical composition, structure or 
form described above. 

In producing these three major outputs, it is intended that 
this research will serve several purposes. These are: 

t It will provide a useful methodology for energy and 
land use planning, which will include analytical tools 
which may be used at a rather general level for pur­
poses of policy decisions and the evaluation of energy 
conservation programs. 

• It will provide the same methodology and analytical 
tools, which may also be used at a very detailed 
level, to provide information which would enable the 
design or optimization of utility systems, or the 
detailed evaluation of policies or programs designed 
to achieve a community's energy use goals. 

• It ~ill build upon previous work in this field, and 
provide a basis for further work. 

• It wi 11 provide a useful research tool for the other 
research projects under the ERDA Community Systems 
Branch. 
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• It will allow and enable communities to identify and 
quantify their energy conservation potential, and thus 
demonstrate the validity or applicability of other 
ERDA Community Systems research outputs (such as the 
Advanced Coal Using Community Systems project, 
the Advanced Technology Mix Energy Systems project, or 
the Community Annual Cycle Energy Syste~s project), 
thus aiding in the commercialization of these RD&D 
outputs. 

With these products and goals in mind, the following section 
presents an overview and description of the study's products and 
their interrelationships . 

B. Products and Interrelationships 

1. Potential Users and Their Needs 

For the purpose of this research, three classes of users 
have been identified. These classes are: 

• Co~munities which have small planning staffs with 
generalized capabilities, and which have little re­
sources or expertise to be applied to energy planning. 

• 

• 

Communities which have large, sophisticated planning 
staffs and considerable resources to devote to energy 
planning 

The ERDA research community, which, in its overall 
research activities, is involved in the development of 
numerous concepts for community energy supply systems, 
and which is in need of a reliable method to estimate 
community energy demands. 

Each of these user groups has needs, which, in theory, will be 
served by the products of this research. The follow·ng is a 
brief summary of the needs of each of the three user classes 
identified. 

a. Small Communities. The first class of users described 
above are small communities with small planning staf~s and 
relatively small budgets for energy planning. Such communities 
w o u l d · t y p i c a l l y b e t h o s e w i t h 2 5 to 5 O t h o u s a n d p e o p ·: e . B a s e d 
on the resources, level of expertise, and level of complexity of 
such communities, it is felt that their main need would be to 
have a methodology which included the analytical capability to: 

• Take stock of existing energy use pat~erns, in 
terms of annual use of each major ene~gy form, in 
the community; 
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• Use the results of this "energy audit", in 
conjunction with other inputs and constraints, to 
identify a set of broad energy-related goals for 
the community; 

• Develop a series of action alternatives which 
will be capable of achieving the stated goals; 

t Examine each alternative and determine what 
the physical impacts of its implementation would 
be on the community; 

• Estimate the resulting energy use patterns, and 
their differences from the community• s 11 basel i ne' 1 

energy use patterns; and 

• Weigh the advantages and disadvantages of each 
possible action, as the basis for a final action 
plan for achieving the energy goals stated above. 

b. large Communities. The second user class described 
was large communities. This category of community may have a 
reasonably diversified planning staff and may alre1dy have 
developed a sensitivity to energy issues. Based 01 the com­
plexity, resources, and expertise in such a community, it is 
felt that this class of community would make the best use of a 
methodology which included the analytical capability to: 

• Develop a baseline energy use picture of the 
community at a very detailed level, including 
hourly energy demands for each end use of energy; 

• Use this baseline, and other information, to 
develop goals and action alternatives, just as 
the smaller communities might do, but at a more 
detailed level; 

• Estimate the physical impacts of alternative 
actions; 

• Estimate the energy use patterns of the community 
if the action alternatives were im~lemented; and 

, Weigh the advantages and disadvantcges of actions 
considered , and de v el op an action ~t 1 an for a chi e v -
ing their goals. 

The similarities between the two sets of neecis for the 
l a r g e a n d s ma 1 1 c o mm u n i t i e s a r e a p p a re n t . T h i s i ~; b e c a u s e t h e 
processes used are basically the same, differing riainly in the 
level of detail of inputs and outputs, and the le11el of alter­
native or actions which may be analyzed. For the small communlty, 
the methodology would have thf~ analytical capabil·ity to estimate 
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annual energy use by energy type. For the large community, 
hourly profiles for each energy using activity would be pro­
duced, and these would be matched up against supplies on an 
hourly basis (except for gasoline used in transportation), and 
the resulting primary energy use information would be reported. 
This implies a wider range of action alternatives which may be 
considered. These may include: 

• Complete energy system analysis 

• Peak load management schemes 

• Development of municipal utility systems 

• Development of integrated industrial parks 

• Waste heat recovery and utilization 

• District heating and/or cooling systens 

c. ERDA Research Community. The final class of users 
identified above was the ERDA research community. This group 
includes the complete range of researchers in the Federal govern­
ment, the national laboratories, and the various contractors 
which are currently engaged in community energy systems research. 
Many of these are currently researching alternative, advanced, 
or optimized energy supply technologies for use at the community 
level. A major need of these projects is an accurate, reliable 
technique for predicting hourly system energy demand:;, based on 
c om mu n i t y d e s c r i p t i o n s a n d c 1 i m a t i c v a r i a b 1 e s . T h e s ,~ h o u r l y 
demands are needed to: 

• Optimize the design of community ener•JY supply 
system; 

• Demonstrate the commercial applicability of the 
technologies developed; and 

• Identify the potential for energy storage, fuel 
s u b s ti tut i on , and other energy manage ,n en t schemes . 

With these users and user needs in mind, the following section 
states and describes the anticipated products of this research. 

2 . Descri~tion of Products 

a. Preliminary Concepts. The energy use patterns within 
a community result from the interaction of a variety of factors. 
Broadly stated, the energy use patterns depend on the amount and 
types of activities which exist in the community, and the clima­
tological and topographical environment in which these activities 
are undertaken. 
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The climatological and topographical environment is 
not easily modified. The amount, arrangement, and types of 
activities, however, is, to some degree, controllable. Com­
munity energy planning, then, must concentrate on ensuring that 
the amount, arrangement, and types of activities in the community 
are such that efficient utilization of energy is achieved. A 
major goal of this research, then, is to provide planners and 
decision makers with an understanding of the relationships 
between the amount, type, and arrangement of activities, and the 
energy use patterns which they cause. 

I·n approaching this task, the amount, type, and arrange­
ment of activities (which, together with climate and topography, 
determine energy use) have been conceptually viewed as depending 
on two classes of variables. These classes are called physical 
variables and behavioral variables. Physical variables are 
those which indicate the types of facilities, structures, or 
equipment present in the community. Behavioral variables incor­
porate the full range of decision making processes which govern 
both the amount and kinds of facilities, structures, or equip­
ment which are present, and the manner in which these facilities, 
structures, or equipment are used. 

Two examples will serve to clarify these concepts. In 
an existing community, there exists a mix of housing types. 
These housing units are heated and possibly cooled by a mix of 
equipment types. Furthermore the residents of the community 
have certain travel patterns, which are accomplished by using a 
certain mix of transportation equipment. Clearly, the energy 
needed to live and travel depends on the types of housing, heat­
ing and cooling equipment, and transportation equipment. But 
the energy needed to live and travel depends also on the behav­
ioral patterns in the community. The thermostat settings, the 
amount of ventilation used, or the travelling habits govern the 
u~e of ener9y to the same degree as the mix of phy~ical facili­
ties or equipment does~ Thus, it can be seen that for the 
existing community, energy use depends on physical and behavioral 
variables as well as climate and topography. 

If the existing community is viewed from a more dy­
namic perspective, it becomes clear that energy us,~ patterns of 
the future depend on the same classes of variables. Future 
energy use will depend on the physical variables at that time, 
such as the mix of housing types, heating and cooling equipment, 
and transportation equipment present at that time. It will also 
depend on the behavioral variables at that time, i.e., how the 
physical facilities and equipment are used. But the way in 
which the mix of facilities and equipment in the future differs 
from that of the present also depends on a set of behavioral 
variables. These include the decisions to locate and build 
houses of various types, decision to purchase autos of various 
types, or decisions to locate and build industrial facilities of 
various types. 
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Summarizing this discussion, then, it can be stated 
that energy use at any time depends on physical variables, such 
as the mix of facilities and equipment, as well as behavioral 
variables, or decisions to operate. Furthermore, energy use at 
some future time depends on how the physical variables will have 
changed by that time. This implies considering behavio~al 
variables associated with growth, or decisions tc develop. Con­
sideration of decisions to develop will help define the physi­
cal variables in the future. These physical variables, in con­
junction with the decisions to operate in the future, will 
determine energy use in the future. 

To place these concepts in the context of community 
energy planning, it can be stated that to determine the energy 
use patterns of the existing community, the planner must con­
sider physical varia~les and behavioral variables associated 
with decisions to operate. When community energy goals are 
determined, and action alternatives are specified to achieve 
those goals, then the planner must evaluate the energy patterns 
associated with the community's form as impacted by the action 
alternatives proposed. To do this the planner may be required 
to assess both physical and behavioral impacts. Furthermore, 
in assessing the behavioral impacts, the planner may have to 
address both those associated with operation and those associa­
ted with development. It is anticipated that the products of 
this study will provide the user with guidelines to assess both 
physical and behavioral impacts of proposed actions, and from 
these, to assess the changes in energy use patterns which would 
result. 

As mentioned in the previous section, the anticipated 
products of this research are three. The first is c1 n overall 
methodology which would enable planners, decision m,tkers, or 
energy analysts to evaluate the probable energy use implications 
of various land use patterns. The second and third are analy­
tical tools to be used within the methodology. Together, they 
provide the methodology with its analytical capabil~ty. One of 
these tools is a primarily qualitative procedures which enables 
its user to characterize the existing physical and behavioral 
patterns within the community, and also enables its user to 
estimate the probable changes in the community's physical and 
behavioral structure which may result from actions proposed. 
The other tool i s a prim a r i l y qua n ti tat i v e pro c e dun· w hi ch 
enables its user to estimate the changes in energy use patterns 
which would result from the physical and behavioral chanqes 
anticipated. The following paragraphs briefly describe each 
of these products. 

b. Generalized pescription of Energy Planning Meth-
od o}_Q_g_y_. Fi g u re 1 , be 1 ow , shows a schema ti c i 1 1 us tr at i on of 
a generalized methodology for energy/land use planning. As the· 
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figure shows, the process begins with an evaluation of current 
energy use patterns. This evaluation helps define and focus the 
problem. The next two steps involve the development of goals, 
and the identification of action alternatives to achieve those 
goals. Goals are defined here as rather broad statements of 
intent or policy. Typical goals might be: 

• • 
• 

• 

To reduce overall energy use in the community, 

To alter the mix of energy forms used in the 
community, 

To make improved use of power generating 
capacity (i.e., reduce peak demands, or improve 
load factor). 

Action alternatives on the other hand, are defined here as 
fairly specific statements of intended actions. These might 
include: 

• 

• 

Modify zoning and density specifications of all 
unused land such that all future residential 
construction would be multi-family residences, 

Modify building codes such that all new 
residential construction would require R-13 
insulation in the walls, and R-20 in the roofs; 

• Require that lighting in municipal buildings be 
reduced by 50 percent during unoccupied hours; 

• Increase the real estate assessment rate and/or 
tax rate on new single family detachec residences 
by 25 percent each. 

As Figure 1 shows, the next step in the process woulc be to 
assess the physical and/or behavioral impacts of the action 
alternatives selected. Frbm the example actions listed above, 
it can be seen that the actions listed would probably have both 
classes of impacts. The zoning and density changes would have 
the direct physical impact of modifying the future mix of housing 
types. It would also have some effects on the marketplace by 
essentially 11 outlawing 11 single family detached residences. 

These market effects would eventually translate into 
physical effects. For example, the zoning change wo~ld alter 
the mix of housing units, but in the longer term, it may also 
reduce the growth rate of housing in general. The ctange in 
real estate assessment and/or tax rates would have nc direct 
physical impact, but would effect the decision to purchase (a 
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behavioral, or market, mechanism), and this would u·;timately 
translate into physical impacts. Based on this discussion, it 
can be see11 that the methodology must provide some way of: 

• Tracing the direct physical impacts of 
measures undertaken, 

• Tracing the direct behavioral impacts of 
measures undertaken, 

• Tracing the interaction between physical and 
behavioral impacts, and the ultimate physical 
manifestation of these interactions. 

Once the measures considered have been translated into a reason­
able range of likely physical impacts, the methodology must be 
capable of assessing the energy use impacts associated with the 
physical changes specified. This procedure is basically a set 
of engineering type calculations which must be made by the 
planner. The energy used will be a function of a number of 
physical and behavioral parameters, including construction 
practices, life stjles, local climatic and topographic condi-
ti6ns, etc. When these calculations are completed, the planner 
will have an idea of the energy use associated with the revised 
11 picture 11 of the community, which he created by tracing the 
impacts of some proposed actions. 

The final steps in the methodology are the comparison, 
ranking, and decision-making steps. Here the planner would 

. compare the energy use patterns of the community, as modified 
through the implementation of some action alternatives, with 
t h a t of th e 11 b a s e 1 i n e II o r u nm o d i f i e d ca s e . I f s e v e r a l a 1 t e r -
natives were being considered, the tomparison against baseline 
conditions would be made for each. Taking the energy impacts 
into consideration, along with other goals and constraints which 
the planner must consider, the planner would then rank the 
options and develop an action agenda. 

It should be noted that Figure l also inoicates several 
11 feedback 11 steps. The assessment of physical impacts may cause 
a re~evaluation of the goals or actions selected. The assessment 
of behavioral impacts may ·also cause a re-thinking of goals and 
actions, and it may also bear upon the comparison c:nd ranking. 
The quantitative assessment of energy impacts may likewise 
necessitate a re-evaluation of the goals and actions. 

Based on the above discussion, it can be stated that 
the methodology to be developed has three main parts. These 
are: 
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• 

• 

• 

A procedure for determining the most likely 
range of physical impacts resulting from 
proposed actions 

A procedure for assessing the energy use patterns 
of the community based on its physical descrip­
tion 

An applications framework within which these two 
procedures would operate. This application 
framework mainly consists of guidelines for 
developing goals and actions, and guidelines for 
performing the ranking, comparison, and' ultimate 
selection of actions for implementation. 

One of the central concepts of this project is that, 
due to the variety of users and their needs, certain of the 
tools will be developed such that they are operable at either of 
two levels. One level, called the "planner level 11 is fairly 
coarse and only includes annual energy use, while the second 
level, called the "energy analyst level" is quite detailed and 
includes hourly energy demands and supplies. Keeping this in 
mind, a precise statement of the project outputs can be made. 

c. Community Characterization Procedure. The first major 
output of this project will be an analytical tool referred to as 
the Community Characterization Procedure (CCP). This procedure 
will be a rational way of describing the phy~ical and behavioral 
structure of the community. Its main function will be to provide 
the user of the methodology with a way to take action alterna­
tives, such as a change in the tax structure, and determine what 
the most likely range of physical impacts from that change will 
be. This is a crucial link, since the energy impacts of any 
action can only be determined once·the likely physical impacts 
are specified. This procedure will be capable of operating at 
both the planner level and the energy analyst level, with the 
major difference being the level of det~il required foi inputs, 
and the accuracy and detail of the outputs. A detailed di.scus­
sion of the CCP, and its operation at either level, is presented 
in Chapter II, Section C. 

d. Energy Analysis Procedure. Th~ second major output of 
this research will be an analytical tool referred to as the 
Energy Analysis Procedure (EAP). This procedure, also, will be 
developed to be operated at either the planner level or the 
energy analyst level. When operated at the planner level, it 
treats the community as an aggregation of land uses, referred to 
as parcels. A parcel is a particular land use type (such as a 
single family detached residence), which may incorporate a 
number of energy-using activities. Associated with each parcel 
is an energy intensity factor (EIF), which is basically the 
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average annual energy use associated with each parcel, or land 
use type. The EIFs will, of course, be location specific. But 
in general, the energy use on an annual basis will be found as 
the sum of products of the number of each type of parcel and the 
EIF of the parcel type. 

At the energy analyst level, the EAP operates quite 
differently. At this level, energy use is considered to a 
degree more specific than the parcel. In the analyst mode, the 
EAP uses the End Use Mode (or EUM) as the fundamental unit of 
disaggregation. The end use modes are specifically defined ways 
of using energy. An end use mode is defined by the specifica­
tion of four parameters. These include the parcel, activity, 
equipment, and energy form. The parcel, as described above, is 
the land use type on which energy is used. The activity is the 
actual functional use of energy, such as space heating, lighting, 
etc. The equipment specifies the means of end use conversion, 
such as oil-fired furnaces. The energy form, finally, is the 
actual energy form used at the end use point - i.e., electricity, 
oil, gas, coal, etc. For each EUM the EAP, when used at the 
energy analyst level, provides an algorithm which generates a 
year long, hourly profile of energy demand for one typical 
occurrence of that EUM. After all these profiles are generated, 
the EAP then employs statistical techniques to amplify the 
profile for a single EUM to a profile which represents the 
yearly demand of all EUMs of that type in the community. From 
all the amplified EUM profiles, the EAP will aggregate the 
profiles over each energy form, to develop an aggregate profile 
for each energy form used. It should be noted here, that for 
analysis purposes, it may be desirable to aggregate the amplified 
profiles in some intermediate way before aggregating over energy 
forms. For instance, it may be desirable, from a policy stand­
point, to aggregate over land use categories, such as residential, 
commercial, industrial, etc. This would be accomplished easily 
by various summations. On the basis of this, the EAP will 
ultimately report the energy requirements for the community. 
The structure and operation of the EAP, at each of the two 
levels, will be described in more detail in Chapter II, 
Section D. 

e. Application Framework. The third major product of 
this research is referred to as the Application Framework. This 
is the methodological framework in which the two analytical 
tools (the CCP and the EAP) are used. This framework will con­
sist of a set of guidelines for the user to follow in terms of 
performing a baseline community energy audit, developing energy 
goals, developing a set of actions for evaluation, preparing the 
statement of action alternatives for input to the CCP, evaluating 
the action options in light of the outputs of the EBP and CCP, 
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ranking and comparing the action alternatives, and making the 
final selection of actions for implementation. Unlike the two 
analytical tools, the application framework is not developed for 
use at two levels. It is felt that the activities in the areas 
of goal development, option identification, result evaluation, 
option ranking, and selection are all reasonably similar at the_ 
planner level and the energy analyst level. Thus, the applica­
tion framework will be used similarly for either level of 
application, and only the CCP and EAP components will change, 
based on the level of application. 

To summarize the description of the products presented 
in the preceeding pages, then, it is anticipated that the study 
will result in one methodology for energy/land use planning. 
This methodology will incorporate three parts: the Community 
Characterization Procedure, the Energy Analysis Procedure; and 
the Application Framework. The methodology may be applied at 
either of two levels, a planner level, or an energy analyst 
level. When applied at the planner level, the methodology makes 
use of the Application Framework, and uses the CCP in a very 
general way, producing impact predictions at the parcel level, 
which are then used by a simplified version of the EAP, which 
contains annual energy intensity factors, to calculate energy 
use impacts on an annual basis. When used at the energy analyst 
level, the Application Framework is again used, and .the CCP is 
used in a detailed manner, to produce physical impacts· which are 
translated into end use modes for use by the detailed EAP to 
calculate hourly energy demand, hourly energy supply, and pri­
mary en~rgy requirements. At both levels~ the Application Frame­
work, then, assists the user in interpreting and evaluating the 
analytical results, and ranking and selecting action:; for imple­
mentation. It should be noted here that at the enerqy analyst 
level, the EAP will require the use of a digital computer. 

In Chapter II a detailed discussion of the CCP, the 
EAP, and the Analytical Framework are presented. 

C. Technical and Management Approach 

To accomplish this work, a technical work plan was developed 
which consisted of eight technical work areas. Each of these 
work areas represents a major area of effort which fellows a 
systems analysis approach to achieve the project objectives. A 
series of tasks is delineated within each work area. These tasks 
detail the procedure to be used in accomplishing the objectives 
of each work area. The following is a brief summary of the 
technical objectives and approaches in each work area. 
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l. Major Work Areas 

The research has been divided into eight technical work 
areas, which are groupings of technical tasks. The work areas 
and associated tasks include: 

a. Work Area 100 - Survey of Current Knowledoe. The 
purpose of Work Area 100 is tn delineate the state-of-the-art 
of community energy planning. This work area sets the founda­
tion for the remainder of the project. The two tasks within 
this work area include a survey of the literature (Task 110) 
and a series of contacts with knowledgeable people in the field 
(Task 120). 

b. Work Area 200 - Concept Definition. The objective 
of Work Area 200 is threefold: 

• Conceptualization of a procedure to characterize 
a community for energy analysis purposes (Task 
210); 

• Conceptualization of a procedure to allow for 
the quantitative determination of community 
energy demand and supply requirements (Task 220); 
and 

• Conceptual development of the application frame­
work for using the analytical tools developed. 

This work is central to the remainder of the project. 
The conceptual formulation of the Community Characterization 
Procedure (CCP) and the Energy Analysis Procedure (EAP) will be 
further refined, analyzed, and evaluated throughout the re­
mainder of the project. Within this work area the critical 
variables will be identified (Task 230) and data requirements 
will be defined (Task 240). 

c. Work Area 300 - Data Collection. Work Area 300 in-
cludes tasks related to the development if data collection pro­
cedures for the CCP, EAP, and the Application Framework (Tasks 
310 and 320). Representative data will be collected for cali­
bration and application purposes in Tasks 330, 340, 350, and 
360. The collection of this data will be based on the results 
of Tasks 310 and 320. It should be stressed that this data will 
be used for preliminary testing and data will be attained only 
from easily accessible sources. 
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d. Work Area 400 - Assessment and Refinement. Work 
Area 400 provides for the preliminary testing and assessment 
of the CCP and EAP. Subsequent to the preliminary testing, 
a cross section of planners will be contacted regarding the 
feasibility of the CCP, EAP, and Application Framework (Task 
440 and 450). Based on the results of this user assessment, 
the CCP and EAP will be refined and modified. 

e. Work Area 500 - Test and Evaluation. The purpose 
of Work Area 500 is to perform a full test and evaluation of 
the Energy Analysis Procedure (EAP) and a further check on 
the Community Characterization Procedure (CCP). In this Work 
Area, field testing of the EAP will emphasize its use at the 
planners level. In order to develop a fully tested methodology 
ready for use by practicing planners this site-specific test 
will be made. At the energy analyst level, profiles will be 
be individually verified, but the aggregated community-wide 
demand profiles will not be field tested until the entire 
system is computerized. It is anticipated that this will be 
done under a later phase of this project. This work area 
includes a task related to selecting a test site (Task 510) 
and collection of test data (Tasks 520 and 530). 

The CCP will be tested and evaluated in Task 520. 
The EAP will be tested and evaluated within Tasks 540 and 
550. Another user assessment of the EAP will be conducted 
at the conclusion of this Work Area. In the course of 
testing the analytical accuracy of the CCP and EAP, the 
user's opinions of the Application Framework will be solicited. 

f. Work Area 600 - Mathematical Formulation. The 
purpose of Work Area 600 is to develop a mathematical representa­
tion of the Energy Analysis Procedure suitable for later 
development into a computer program by the consulting team 
in Phase II of this effort. 

g. Work Area 700 - Identification of Future Research 
Needs. Work Area 700 will identify the necessary next steps 
~implement the CCP, and EAP, and the Application Fr3mework. 
These steps include the proposed demonstration and application 
of the tools, and their further evaluation. 

h. Work Area 800 - Packaging and Dissemination. Work 
Area 800 will focus on the development of user manuals for 
the CCP, EAP, and Application Framework, and a procedure for 
disseminating the information developed in this project to 
allow for the further demonstration and application of these 
techniques. 
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2. Phasing and Scheduling 

ERDA has placed a high priority upon receiving the 
outputs of this research project. This is evidenced by two 
factors. First, the issuance of a Program Opportunity 
Notice (PON) has been scheduled to coincide roughly with the 
availability of the energy planning methodology which will 
be produced in this project. Second, several other ERDA 
research programs, mainly concerned with community energy 
supply systems, have been notified that the development of 
hourly community energy demands was to be accomplished in 
this project, and that this demand simulation technique 
would provide demand profiles for testing their supply-side 
products. 

This priority has placed some very severe time con­
straints on this project. The period of performance is 
fourteen months, with about twelve months to complete all 
technical work. The project schedule is shown in Figure 2. 

In connection with th~ project schedule, it should be 
pointed out that certain tasks, though shown on Fig~re 2 as 
having a well defined duration, are actually ongoing efforts 
throughout the course of the project. This comment applies 
especially to Work Area 100. While the majority of the 
literature review was accomplished during the first nine 
weeks of the project, further literature review will occur 
throughout the course of the effort, as pertinent sources 
are identified. In order to assure the ultimate usability 
of the research tool developed for the planner, ea~ly 
considerations will be given to possible forms of oackaging 
and dissemination (Work Area 800) based upon preliminary 
testing and evaluation (Work Area 500) of selected planners. 
Likewise, in Work Area 700, future research needs will 
become apparent throughout the course of the project, and 
will, be noted. During the actual scheduled period for this 
task, h~wever, the research needs identified will be accu­
mulated an~ presented in a report format. 

3. Priorities Established 

In view of the time constraints placed on the project, 
ERDA has seen fit to establish a priority on the project 
outputs. This priority statement has basically asserted 
that the highest priority will be placed upon developing the 
methodology at the planner level. This implies priority on 
t~e development and testing of the Application Framework, 
the CCP to a coarse level, and the EAP version which operates 
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on the basis of annual energy intensity factors. This 
emphasis is primarily based on the fact that ERDA has 
announced their intention to issue a Program Opportunity 
Notice in 1978, for communities to demonstrate this methodology, 
and thus it becomes imperative that the methodology be fully 
developed and ready for implementation by the scheduled 
date. 

Beyond the emphasis on the planner level methodology, 
ERDA has further expressed the position that in the develop­
ment of the methodology at the analyst level, and with 
respect to the EAP at that level, priority should be placed 
upon the development of the demand-side simulation algorithms. 
This position is due to the fact that numerous other ERDA 
projects are researching various facets of the supply side, 
and this project is intended to provide demand estimating 
techniques for those projects. Finally, within the demand 
side of the detailed EAP, ERDA has expressed the position 
that the major emphasis should be placed on developing 
techniques for estimating demands for land uses in the 
residential, commercial, institutional, and transportation 
categories, with lesser emphasis on the demands for land 
uses in the industrial category. 

With respect to the testing of this project's outputs, 
ERDA's priorities have necessitated a full scale test of the 
methodology at the planners level. The testing of the EAP 
at the energy analyst level will be limited to verification 
of individual EUM demand profile generating algorithms. The 
testing of aggregated demand profiles, which requires com­
puterization of the complete system, will be performed under 
a later phase of this project. 

D. Preview of This Report 

This report includes the complete results of the Survey 
of Current Knowledge (Work Area 100), and the partial results 
of the Concept Development (Work Area 200). In general, the 
Survey of Current Knowledge showed that little work had been 
done which is directly applicable to this project. The 
results of the survey of current knowledge are presented in 
Appendix A. This appendix is augmented by Appendices B, C, 
and D, which present a bibliography of materials reviewed, a 
complete set of abstracts of materials reviewed, and a set 
of summaries of personal contacts made, r~spectively. 
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Chapter II presents the results of the Concept Development 
work accomplished to date. The chapter is organized into 
six sections. The first two are overview and introductory 
m a t e r i a l . T h e t h i rd·, f o u r t h , a n d f i f t h e a c h a d d re s s t h e 
conceptual work accomplished on each of the major products -
the CCP, the EAP, and the Application Framework. 
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II. CONCEPTUAL FRAMEWORK 

A. Introduction 

In the preceeding chapter, it was stated that this 
project will result in the development of a methodology for 
community energy planning. This methodology will consist 
of three major parts, which include the Community Charac­
terization Procedure (CCP), the Energy Analysis Procedure 
(EAP), and the Application Framework (AF). As of this 
writing, these three products have all been developed, in 
concept. The purpose of this chapter is to provide detailed 
conceptual description of each part, and to demonstrate how 
they will work together, and how they will be used by their 
ultimate users, the practicing community planners and/or 
energy analysts. 

This chapter is organized into five sections. Section 
A, the Introduction, provides a general overview of the 
manner in which the project team has viewed the community as 
an energy using system. Section 8, Overview and Description 
of Products, defines each of the study's products. It also 
defines two levels at which the methodology may be applied -
a very detailed level, and a more general level. It also 
describes five generic classifications of uses for the study's 
products. Finally, it discusses how the various study pro­
ducts may be applied to each of the five application classes 
at either of the two levels of use. Having thus set the 
foundation by describing the products and their uses, the 
remaining three sections provide detailed conceptua·i dis­
cussions of each major product. 

S e c t i o n C p r o v i d e s a c o n c e p t u a 1 d i s c u s s i o n o f ·:: h e 
Community Characterization Procedure. This section includes 
a description of the method for characterizing the physical 
composition of the community, as well as a method for char­
acterizing the major decision-making, or behavioral pro­
cesses which, in part, govern the community's physical com­
position. 

Section D provides a conceptual discussion of ~he 
Energy Analysis Procedure. This section provides a full 
discussion of how the EAP will be developed for application 
at the detailed level. It concludes with a discussion of 
how the EAP wil 1 be used at the general level, and how 
these two levels are related. 
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Finally, Section E provides a discussion of the Applica­
tion Framework, outlining the rnethodologicdl steps that the 
user must follow to use the CCP or the EAP, at either the 
general or detailed level. 

In approaching this research project, the project team 
has attempted to analyze a community as an energy-using 
system. Figure 3, below, shows a schematic representation 
of energy use in a community, and its determinants. The 
left side of this figure shows the interplay between general 
community characteristics, such as size, type, location, or 
climate, and the community's institutional, or behavioral 
arrangements. These two factors influence one another, and 
both of them influence the specific physical and behavioral 
characteristics of the community and its residents. Moving 
across the figure to the right, it shows that the specific, 
detailed physical and behavioral characteristics of the com­
munity, in turn, give rise to a large set of end uses of 
energy. These various end uses of energy can be ,:ombined 
into common groupings, or end-use sectors, such as residen­
tial, commercial, industrial, transportation, and municipal. 
Each end use within a sector has its own particular energy 
demand characteristics, aggregate annual energy use, and 
efficiency of end-use conversion. But while the number of 
end us€s is large, at any point in time, they reduce to a 
small number of aggregate energy demands, one for each major 
energy form used in the community. As the figure shows, in 
fact, the multitude of end-use demands present in a com­
munity combine for any particular time, to form aggregate 
demands for electricity, gas, oil, coal, steam, a1d other 
energy forms used, which must somehow be met. The way they 
are met is referred to as the energy balance. In any com­
munity, energy balance exists when, for a particular point 
in time, all the community's demands for the variJus energy 
forms available are met by the community 1 s existing primary 
conversion and distribution (PC&D) systems. Thes2 PC&D sys­
tems, as shown, may include electrical generating stations, 
arrangements with electric power grid, ·coal and oil vendors, 
gas pipeline companies, etc. Each of these PC&D systems, in 
turn, receives energy resources from somewhere else, and 
converts/distributes their supply throughout the community 
to the various en~ uses. Each PC&D system has an associated 
efficiency of conversion, and efficiency of distribution. 
These efficiencies ·combine with the efficiency of end-use 
conversion to form an overall system effiiiency for each 
mode of end-use activity. 
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Summar; zing the conceptun l framework set for·:h in 
Fi gt: re 3 , then , i t i s be 1 i eve d that , i n n1 o st case~, , gene r· a 1 
comriiunity characteristics (type, form, scale, climate, 
etc.), interact, with institutional factors in the commun­
ity. The product of their joint interaction, and of their 
own separate influences, is their physical expression, the 
mix of structures, services, and activities which make up 
the community. Once the mix of community physical charac­
teristics (number of homes, number of miles of highway, 
etc.), and of community behavioral characteristics (number 
of vehicle-miles travelled, number of gallons of water used 
per capita per day, etc.) is determined, then the disag­
gregated energy demands for the community are fixed, and so 
must be the aggregated demands. Energy Balance, at any 
time, is achieved by the PC&D systems, which supply the 
community's demands, on a dynamic basis. Total energy 
requirements of the community, then, consist of the energy 
inputs to the PC&D systems. The most salient feature em­
bodied in this conceptualization is the belief that, besides 
climate, the main determinants of energy use in a community 
are the number and mix of end uses present, the behavioral 
characteristics of the residents, and the PC&D systems used 
to meet the demands. In particular, it is felt that the 
various decision-making processes, and other non-physical 
factors do not, in themselves, directly influence energy 
use. but rather they influence the number and mix of end 
uses, and the behavior of the residents, and these para­
met~rs, in turn, determine the characteristics of community 
energy use. 

With this conceptual framework in mind, the role of 
planners in achieving community energy goals can be con­
sidered. As energy resources become more scarce and more 
cos1.ly, it becomes incumbent on those individuals whose 
decisions determine land use patterns to take the energy 
impact of a proposed land use alternative into account. 
Wise energy utilization cannot be the only criter~a on which 
such decisions are based, and, in fact, it can be, at best, 
just one more in a list of competing goals, such as preser­
ving a tax base, keeping citizen taxes down, maintaining a 
community economic base, minimizing environmental degrad­
ation, etc. But if planners and decision makers are to 
consider the energy implications of their decisions, even 
only as one of many competing goals, then it is necessary 
that they be provided with the tools and procedures to do 
thi~. Developing such tools and procedures is the main 
objective of this research, and this chapter discusses the 
concepts which are necessary to develop them. 
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B. Overview and Desc~tion of Products 

1. Generalized View of Community Energy Planning Process 

As stated in Chapter I, the main objective of this work 
is to develop an integrated methodology which will enable 
community planners, analysts, or decision makers to inte­
grate energy use considerations into the planning process. 
In general, the methodology to be developed was schemati­
cally represented in Figure 1. This figure is repeated here 
for the convenience of the reader. In the version presented 
here, however, the methodological steps are numbered for 
ease in interpreting the discussion which follows. 

In reviewing the 
becomes apparent that 
which it may be put. 
down into six generic 
The categories are: 

methodology depicted in Fi9ure l, it 
there are a number of applications to 
These applications have been broken 
categories for ease of exposition. 

• 

• 

Basel i n e App 1 i cat i on - Thi s a pp l i cation i s ,) n e i n 
which the user merely wants to develop a qu1nti­
tative assessment, or 11 audit 11 , of the existing 
energy use patterns in the community. Assu'ning 
the user has a detailed physical descriptio1 of 
the community in hand, the methodology is 11 en­
tered11 at the conclusion of Step 4b. The des­
cription of the physical components of the com­
munity are used, in conjunction with the tools for 
performing quantitative energy evaluation, in st~p 
5, to calculate the desired energy use paraneters. 

Physical Change - This application is one in which 
the user is faced with the problem of assessing 
the energy-use implications of a proposed action 
which can be stated in very explicit physical 
terms. An example of such an action would be the 
proposal to demolish some particular dilapidated 
commercial area, and construct, in its place, a 
low-rise apartment complex. In this application 
the user would begin by performing the baseline 
application, as described above, to determine the 
baseline, or existing, energy use patterns. Then 
he would develop a revised physical description of 
the community, which would incorporate the pro­
posed charges. To do this, the user would use the 
guidelines provided in Step 4b of the methodology. 
When the revised description was completed, the 
description of the 11 revised 11 community would be 
used, along with the guidelines or procedures 
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specified in step 5, to calculate the energy use 
parameters of interest. The energy use patterns 
of the "revised" community would then be compared 
with those of the ''original" community, and the 
changes would be noted. 

Behavioral Change - This application is similar to 
the previous one, except that in this case the 
user would be attempting to assess the energy use 
implications of some proposed action which was not 
capable of being stated in very explicit physical 
terms. An example of this type of action might be 
a proposal to re-zone some large amount of land 
from light industrial to residential. Assuming 
the land in question is undeveloped at the time, 
the problem the user faces is that of assessing 
the energy implications of two alternative, but 
unspecified, development scenarios. To do this, 
the user would, again, begin by performing the 
first application, the baseline assessment of 
current energy use patterns. Then, assuming the 
light industrial zoning pattern, the user would 
enter the methodology at step 4a, and work within 
steps 4a and 4b until a 11 likely 11 development 
scenario could be stated in physical terms. This 
physical description could then be used in step 5 
to calculate the energy use parameters of interest. 
When this is completed, the user would then assume 
the residential zoning pattern, and would enter 
the methodology at step 4a again. Again, the 
procedures in step 4a and 4b would be used until a 
11 likely 11 development scenario could be stated in 
explicit physical terms. This physical description 
of the community would then be used with the 
procedures provided in step 5 to calculate the 
energy use parameters of interest. When completed 
the user would compare the energy implications of 
the two development scenarios, and use the infor­
mation gained to assist in his decision. 

The three applications of the methodology described 
above share the common feature that in each, the user is 
merely trying to determine the energy use patterns asso­
ciated with three classes of actions - the status quo, a 
physical change, or a behavioral change. In none of these 
was the change to be evaluated motivated out of any parti­
cular energy-related concerns. They were simply possible 
land use scenarios which might arise in the course of his 
everyday activities, and he was attempting to consider their 
energy-use implications. There exists, however, a broader 
type of application of this methodology. This broader class 
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is one in which the user is attempting to formulate so~e 
type of community-wide energy conservation or management 
program, and wishes to use this methodology to assist him. 
There are two generic applications which fall into this 
category. These are described below. 

• Option Evaluation - This application assumes that 
the community planners and/or decision makers are 
somewhat sensitized to the energy use/land use 
issues, and that they have already done the base­
line application, established a set of goals, and 
identified a series of action options which must 
be considered. The problem, then, is that based 
on some constraints, such as budget, staff, time, 
or others, all of the actions identified cannot be 
implemented, and the user must select, from all of 
those identified, that sub-group which will be 
recommended for implementation. The object of 
using the methodology here, then, is to assess 
which actions may have the highest potential for 
achieving the community's stated goals. In this 
application the user would enter the methodology 
at the conclusion of step 3. He would work 
through the behavioral and physical impact steps 
(4a, b) and the energy evaluation step (5) to 
develop the energy parameters of interest. Fur­
thermore, he would repeat this procedure for each 
action option being considered, and at the con­
clusion he would use the procedures in step 6 to 
compare, rank, and ultimately select the options 
which appear most favorable. 

• Comprehensive Energy Planning - In this applica­
tion, it is assumed that the community has little 
or no sensitivity to land use/energy use issues. 
For such communities, the methodology is used in 
its entirety. The user would enter the method­
ology at step 1, performing the baseline community 
energy audit. Based on the results of that step, 
and other goals of the community, the user would 
develop a set of energy-related goals for the 
community to strive for. In step 3, the user would 
consider a broad range of action alternatives, and 
from these, would make a preliminary selection of 
those which appear good enough to warrant detailed 
evaluation. This group of action alternatives 
which is chosen in step 3 may consist of alter­
natives which can be expressed i~ terms of direct 
physical impacts, alternatives which act upon the 
behavioral, or decision-making processes in the 
community, or some combinations of these two 
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classes. Using the procedures in steps 4a and 
4b, the user would translate the alternatives 
selected into likely physical impacts. Once this 
is done, quantitative evaluation of the associated 
energy impacts would be possible, per the proced­
ures in step 5. In step 6 the implementability 
of each would be reviewed, and a comP"8rison and 
ranking of alternatives would be made. Finally, 
in step 7, final selections would be made, and 
an action agenda would be prepared. Thus, using 
the methodology described, the planner would be 
able to begin with little or no energy related 
policies, programs, or goals, and work through a 
rational procedure to arrive at an integrated 
action plan capable of achieving a set of energy 
goals, and being in harmony with other, non-energy 
goals which may have been previously established . 

There is one further application of this methodology 
which merits discussion. As stated in Chapter I, one class 
of users of this methodology is the ERDA research community. 
To accommodate the needs of this group, a Research Applica­
tion has been defined. It is described below. 

• Research - In this application, the user is an 
energy systems analyst. The user's needs are to 
determine some very detailed information about 
the characteristics of the demand for various 
energy forms which arises from a specified com­
munity configuration, be it real or hypothetical. 
In this application the user would enter the 
methodology at step 4b and either begin with, or 
develop, a detailed physical description of the 
community and its various energy using systems. 
From this, the user would move to step 5, where 
the energy use patterns would be calculated, in 
a very detailed fashion, for the specified com­
munity configuration. The energy use patterns 
thus calculated would be used for the purpose of 
testing, designing, or optimizing an energy supply 
system to meet the energy needs of the comrrunity. 

The discussion of the methodology and its components 
and applications here, thus far, has been at a very sener­
alized level. T~e remaining parts· of this section will 
focus on more detail, both in terms of the actual tocls to 
be used, and the applications to which they may be put. 
It is useful, at this point, to review the six classes of 
applications developed above. These classes will be used 
repeatedly throughout this chapter. 
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As discussed briefly in Chapter I, it is felt that ihe 
range and diversity of potential users of this methodolouy 
are sufficiently wide that it is useful to develop it such 
that it may be used either at a general level (referred to 
a s t h e " p 1 a n n e re 1 e v e 1 11 

) o r a t a v e r y d e t a i 1 e d l e v e 1 ( r e -
ferred to as the "energy analyst level"). The main distinc­
tions between the two levels are in the areas related to 
energy analysis, which is predominantly the function of the 
Energy Analysis Procedure (EAP), and the behavioral/physical 
evaluation, which is predominantly the function of the 
Community Characterization Procedure (CCP). For example, at 
the planner level, it is felt that the user would most 
likely be interested in describing the community in terms of 
some large aggregations of land uses, and determining esti­
mates of annual energy use, possibly by fuel type. On the 
other hand, at the energy analyst level, the user may be 
interested in describing the community at a very detailed 
level, possibly even down to specific sites, and then · 
evaluating the hourly energy demands of all major energy--using 
activities which occur on a site. In the more operation~l 
areas, however, such as goal development and option identi­
ficotion, the two levels of application are very similar. 
0 n t h e b a s i s o f t h i s t y p e o f c om p a r i s o n i t h a s b e e n d e t e t' -
mined that the CCP and the EAP should be developed to 
operate on two levels, depending on the needs of the user. 
The Application Framework, however, operates generally the 
same on either level. 

Table l, below, provides a comparison between the 
generalized planning methodology depicted in Figure 1, and 
the outputs of this project. As Table l shows, tne three 
majcr outputs of this project are: 

• Application Framework - this includes five parts, 
which are: 

the community energy audit method 

guidelines for energy goal selection 

guidelines for development of action 
a l t e r·n a t i v es 

a procedure to assess the implementability of 
actions; and 

a procedure to compare, rank, and select 
action options. 
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TABLEl. COMPARISON OF GENERALIZED 
ENERGY PLANNING METHOD AND PROJECT OUTPUTS 

1. 

2. 

Steps in Generalized 
Energy Planning Method 

Problem Definition 

Define Goals 

3. Identify Options/Actions 

4a. Assess Behavioral Impacts 

4b. Assess Physical Impacts 

5. 

6. 

Quantitative Assessment of 
Energy Impacts 

Comparison, Ranking and 
Final Selection 

• 

• 

• 

• 

• 

I 

• 

Project Outputs 

Application Framework, Step 1 -
Provides guidelines for performing 
a community energy audit and inter­
preting the results. 

Application Framework, Step 2 -
Provides guidelines for identifying 
and selecting goals. 

Application Framework, Step 3 -
Provides a series of action alterna­
tives for consideration, and a 
method for making preliminary 
selection. 

Community Characterization Pro­
cedure, Step l - Provides a method 
to assess the behavioral impacts of 
actions considered. 

Community Characterization Procedure, 
Step 2 - Provides a method to assess 
the physical impacts of actions con­
sidered. 

Energy Analysis Procedure - Provides 
a method to assess the energy use 
patterns of a community of known 
physical composition. 

Application Framework, Steps 4 
and 5 - Step 4 provides a method to 
assess the implementability of 
action alternatives considered. 
Step 5 provides a method to rank 
the alternatives, based on energy 
impact and implementability, and 
make a final selection cf alterna­
tives for recommendatior and action. 
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• Community Characterization Procedure - :his 
procedure allows the user to assess the physical 
impacts of proposed actions 

1 Energy Analysis Procedure - this procedure allows 
the user to evaluate energy use parameters asso­
ciated with communities for which the physical 
description is known. 

In the following part of this section, the various 
products will be developed in more detail. In order to do 
this~ the discussion is separated into two parts, one which 
applies to each of the two proposed application levels, the 
planner level and the energy analyst level. 

3 . Community Energy Planning Methodology - Planner Lev~ 

Figure 4, below, depicts the Community Energy Planning 
Methodology (the Methodology) as it would be used at the 
planner level. In this figure, the generalized energy plan­
ning methodology of Figure l has been re-stated in terms of 
the particular outputs of this project, and has been somewhat 
expanded to show some of the sub-components of the CCP and 
the EAP. The methodology, used at the planner level, consists 
of the CCP and the EAP. The methodology, used at the planner 
level, consists of ten elements, described below. In this 
description the abbreviations AF, CCP, and EAP are used to 
denote the Application Framework, Community Characterization 
Method, and Energy Analysis Procedure, respectively. 

• AF-1: Energy Audit - In this step, the user 
would use the first part of the AF to perform a 
baseline energy audit of the existing community. 

• AF-2: Goal Development - In this step, the user 
would go through an exercise wherein the results 
of the baseline energy audit were used to identify 
existing or potential energy problem areas for the 
community. Guidelines for doing ~his ~ould be 
provided in AF-2. Subsequently, AF-2 ~resents 
the user with a range of energy relatec goals for 
consideration, and a set of guidelines for select­
ing those goals. 

• AF-3: Option Identification - In this step, 
the user is presented with a broad range of energy 
conservation/management options and a n1ethod for 
making preliminary selections among those options, 
to identify a set which merits further analysis. 

II-12 



-

-

-

-
-

-

Legend 

-------- ---, 
1~F - l i \.__--------, 

I 

I 
I EN~RGY AUDIT 

L---~~-,.--~~-_J 

-r~ 2-_ -=1 
I - - - - - - - --- [VELOl'MEtH r 
: _I __ _ 

-- ---, 
I 

I 

I 
I I I AF - 3 l 

L ___ - - - -OPTION IDE~HIFICATION L.:. I 
- - -1 

l 
I 
I 
I r--
1 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
L_ 

t___ __ C_C.:_P _-_2 ___ ---1! 
PHYSICAL ~ 

CHARACTERIZATION 

E.f\P - l ~ 

D I SP1 G GREGA TE I 

.___ _ ___::::_:_EAP - 2 __ 

APPLY ENERGY 
INTENSITY FACTORS 

EAP ... 3 

REPORT AGGREGATE 
ENERGY RE SUL TS 

C CP - l 1 ~! 
BE'.iAVIOR,'1.L r-i,_

1 =~~--- LCHARI.CTERIZ-\TIONS . 

I . I 

. y 

~~ Process Steps 
Feedback/Review Steps F /\F - 11 

IMPL! MUJTfd~ILITY L A:) )LSSf11 fH 

I 
.J 

___ _J 

Figure 4. Community Energy Planning Methodology - Planners' Level 

II-13. 



. : ~, ;.,:,-~·,.·%_, .) • 

, CCP-1: Behavioral Characterization - In this 
step, the user is provided with a description of 
the various decision-making processes in the 
community, and a method for identifying which 
decision making processes may be affected by e<lch 
of the options considered, in addition to identi­
fying the participants in the decision processes, 
and the likely range of physical impacts which 
may ensue from each option considered. 

• CCP-2: Physical Characterization - This step 
allows the user to refine and standardize the 
assessment of likely physical impacts of the options 
considered. It provides a method of classifying 
land uses at very general or very detailed levels. 
The most deta i 1 ed of these is the "parcel 11 1 evel, 
which refers to a particular land use on a parti­
cular site.· Ultimately, the impacts of options 
must be expressed in terms of changes in the 
number or mix of parcels in the community. Where 
impacts cannot be specified at the parcel level, 
the Physical Characterization procedure enables 
the user to estimate parcel-level impacts from . 
those which may be stated at a more general level. 

• EAP-1: Disaggregation - In this step, the number 
of each type of parcel in the community is dis­
aggregated. Due to the fact that energy impacts 
must be calculated by energy form, it is necessary 
to separate parcels (such as sites occupied by 
single family detached residences) into groupings 
which use the same energy forms for the same 
activities. Once this is done the energy use 
parameters can be calculated. 

• EAP-2: Application of Energy Intensity Factors -
In this step, an Energy Intensity Factor (EIF) is 
applied to each of the sub-groupings of parcels 
developed. Besides being specific to the type 
of parcel and the energy form used, the EIFs are 
also dependent upon physical factors ·such as 
the local climate and energy using characteristics 
of the parcel in question (for .a residence these 
might include floorspace, exterior surface thermal 
properties, etc). The EIFs provide annual energy 
use informati.on for each parcel type. The result 
of this step is a disaggregated estimate of annual 
energy use for all parcel types, further broken 
down by energy forms used. 
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EAP-3: Aggregation - In this step, the u·,er 
sums the disaggregate annual energy use f gur~s 
calculated. These may be summed in a variety 
of ways, depending on the user's needs. If 
energy use by energy form is desired, than the 
summation is done over all categories except 
energy form. Alternatively, total energy use 
may be calculated by summing over all categories, 
or energy use by parcel type may be calculated. 
Obviously the previous disaggregation steps 
enable a wide variety of aggregation possibil 1ties 
to be considered. 

AF-4: Implementability Assessment - In this step, 
the user is provided with a method to qualita­
tively assess the implementation potential of each 
option being considered. This assessment includes 
consideration of the governmental mechanisms 
involved, the time required for implementation, and 
the likely costs of implementation. 

AF-5: Comparison, Ranking, and Selection - In 
this step, the user is provided with a method to 
compare and rank the options which have been 
evaluated. This method involves a weighted scor­
ing technique, and takes both energy impacts and 
implementability into consideration. 

From this description, it can be seen how, at the planner 
level, the various parts of the AF, CCP, and EAP are inter­
related. Table 2, below, provides, for each of the metho­
dology elements above, a summary of their key inputs and 
outputs. 

I n u s i n g t h e me t hod o l o g y a t t h e p 1 a n n e r 1 e v e 1 , i t "' i 1 l 
not al ways be n e c es s a r y to go through a 1 l the pr o.c e c: u r al 
steps outlined above. Certain applications of the metho­
dology allow a significant degree of "short circuiting 11 of 
me t h o d o l o g i c a 1 e 1 em e n t s , w h i l e s t i 1 l y i e l d i n g t h e d Ei s i re d 
results. In the previous discussion of the generalized 
methodology, six generic classes of applications were pre­
sented. In order to illustrate use of the Community Energy 
Planning Methodology at the planner level, these six appli­
cations are re-described here, in terms of the project out­
puts. For each application, a copy of Figure 4 is pro­
vided. However, steps required for each applicatior are 
shown in bold-face lines. 
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Table 2. SUMMARY OF INPUTS AND OUTPUTS FOR METHODOLOGY 
STEPS - PLANNER LEVEL 

Methodology 
Element Inputs Outputs -~- 1 

AF-1 • Community physical descrip-
tion 

• Energy Intensity Factors 

• Annual energy use by energy I 
form I 

------------------------1--------------------
AF-2 

AF-3 

CCP-1 

CCP-2 

EAP-1 

, Energy use patterns 
• Political constraints 
• Non-energy goals 

• Energy goals 
• Action suggestions 

• Behavioral Context: govern­
ment decision making, 
market decision making, 
consumer decision making 

• Relationship of behav­
ioral factors to com­
munity physical form 

• Physical descriptions at 
various levels of land-use 
specification 

• Physi_cal description at 
parcel level 

• Energy goals 

• Preliminary selection of · 
action options (alternatives) i 
for further analysis l 

• Roughly defined phy~ 
impacts :::, 

1

1,.,.a 

1 

/ 

• Implementability data (time, 
cost, governmental powers 
required) 

, Physical description at the 
pa re e 1 1 eve l , 

, Physical description of 
community with parcels 
disaggregated to sub-groups 
by major energy forms used 

1 
t------------------------------+-------------------

EAP-2 • Sub-groupings of parcels 
• Energy intensity factors 
• Local climatic data 
• Specific physical des­

criptors of energy 
using activities 

EAP-3 • Annual energy use by sub­
groupings of parcels 

• Annual energy use by sub­
groupings cf parcels (i.e., 
parcel type-energy form 
combinatior.s) 

• Aggregated annual energy 
use, by energy form, by 
parcel type, etc. 

AF-4 • Implementability data (time, • Implementability factors 
cost, governmental powers 
required) 

t-------+-----------------4----------------~ 

AF-5 • Implementability factors 
• Energy impacts 
• Local priorities 

• Comparison and ranking of 
alternatives, 

• Final selection for 
recommended action 
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Baseline Application - Figure 5 shows the metho­
dology applied in the baseline application. As 
the figure shows, the application begins with the 
physical description of the community. This would 
most likely be supplied by the user. It then goes 
through the disaggregation step, applies the 
energy intensity factors, and reports out aggregate 
results at whatever level of aggregation is most 
appropriate. 

Physical Change Figure 6 shows the application of 
the methodology to a situation in which the energy 
impacts are to be determined which would result 
from an action which could be explicitly stated in 
physical terms. As Figure 6 shows, the action 
statement is used as input by the CCP. The CCP 
allows the planner to assess the impacts, on a 
parcel 1 evel, and these become input to the EAP, 
where they are disaggregated, the EIFs are applied, 
and the results are re-aggregated and reported 
out. 

Behavioral Change - In this application, a change 
is made which is directly application to one or 
more of the decision-making processes in the 
community. The change is specified and the 
methodology is entered at CCP-1, the behavioral 
characterization. By CCP-1 and CCP-2, the be­
havioral change is translated into a range of 
parcel-level physical impacts. These are used by 
the EAP, and energy impacts are reported out. 

Option Evaluation - Figure 8 shows how the metho­
dology would be used for this application. Since 
this application is based on some overall intent 
to de v el op an energy management program , ITi ore of 
the Application Framework steps are needec. This 
is in contrast to the previous two applications, 
where the goal was to merely determine the energy 
impacts of isolated actions. As the figure shows, 
the methodology is entered with the specification 
of options for evaluation, at the conclusion of 
step AF-3, and the methodology is worked through 
until the energy parameters are available from 
step EAP-3. 

Comprehensive Energy Planning - Figure 9 shows the 
most general application of the methodolo~y 
at the planner level. In this applicatior the user 
begins with the energy audit step, proceecs 
through AF-2 and AF-3, identifying goals and 
options, and then applies· the CCP to determine 
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physical impacts at the parcel level. Fron this 
step the EAP is applied, and after energy impacts 
are calculated, AF-4 and AF-5 are used to assess 
the implementability and to compare, rank, and 
select. 

Research Application - The research application 
is not described here, as it is felt that this 
application requires a level of analytical detail 
beyond that which is available when using the 
methodology at the planner level. 

Based on the discussions presented above, it can be 
seen that the methodology, when applied at the planners level, 
is capable of providing a useful planning tool, which can 
evaluate a wide variety of options, and which will be useful 
for a broad range of communities. For certain communities, 
however, the planners level of detail will be insufficient 
for their needs. When more detailed information is needed, 
then the methodology may be used at the energy analyst level. 
This level is described below. 

4 . Community Energy Planning Methodology - Energy 
Analyst Level 

For uses which require a level of analytical detail 
beyond that which is achieved by using the methodology at 
the planner level, this section describes its use at the energy 
analyst level. Just as in the previous section, this section 
describes the use of the methodology at this level by first 
describing the overall methodology, noting inputs and outputs 
f o r e a c h s t e p , a n d t h e n i l l u s t r a t i n g i t s u s e f o r v a r ·1 o u s a p p 1 i -
cations with a series of illustrations and descriptive test. 

Figure 10, below, shows a schematic representat·on of the 
methodology as applied at the energy analyst level. The steps 
in the methodology are described here. Note, again, that in 
the figure and in the following text, the appreviations AF, 
CCP, and EAP refer to Application Framework, Communi 1:y Character­
i za ti on Procedure, and Energy Analysis Procedure, re~;pectively. 

(a) AF-1: Energy Audit - This step is the same basic 
activity as was described in the previous ~,ection 
(methodology used at planner level). The only dif­
ference is that the audit at the energy analyst level 
involves specification of energy using activities 
to a greater level of detail, and it als·o provides 
more detailed information on energy demand patterns. 

(b) AF-2: Goal Development - This step is the same as 
was previously described. 
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(c) AF-3: Option Identification - This step is generically 
the same as it was in the preceding sections. The 
major distinction is that with the expanded analytical 
capabilities of the energy analyst level, the range 
and types of options which can be evaluated is broader. 
In particular, at the energy analyst level, various 
classes of energy supply and distribution technologies 
may be evaluated, as well as energy storage, peak 
load shifting and shaving, and other demand (as opposed 
to consumption, or use) management strategies. 

(d) CCP-1: Behavioral Characterization - This step operates 
in generally the same way, and produces generally 
the same outputs, as was described in the preceeding 
section. Again, its main difference at the energy 
analyst level is that the user would most likely use 
it in a more comprehensive manner. 

(e) CCP-2: Physical Characterization - As in the pre­
ceeding section, this step allows the refinement and 
standardization of the physical description of the 
impacted community. It enables the user to estimate 
all physical impacts in terms of parcels, for use 
by the EAP. Where Step CCP-1 cannot specify parcel­
level impacts, step CCP-2 provides methods to estimate 
them based on higher level impact specification . 

(f) EAP-1: Disaggregation - At the energy analyst level, 
the EAP treats each major energy using activity in the 
community separately. Each of these activity classes 
is refereed to as an End Use Mode (EUM). The EUM is 
defined as a specific energy using activity which is 
associated with a specific type of parcel, which uses 
a specific energy form, and which is accom~lished by 
using a specific type of end-use conversior equip­
ment. For each parcel type specified by Step CCP-2, 
the disaggregation step, then, must determine which, 
and how many EUMs there are. 

(g) EAP-2: Application of Unit Profile Generating 
Functions For each type of EUM in the community, 
the EA P generates a ye a r 1 on g , hour 1 y en er~! y demand 
profile. This profile is specified in two parts -
a demand rating, and a percentage profile. The 
de ma n d rat i n g s p e ci f i e d the kW or Btu/ hr d E: man d of 
the highest point on the profile, and the percentage 
profile specifies the demand at all other points 
(hours) as some percentage of the rating. For each 
EUM in the community, this step provides a function 
which uses the physical characteristics of the EUM, in 
conjunction with general physical charactedstics of 
the community, and general activity and enPrgy usage 
p a t t e r n s o f i t s r e s i d e n t s , t o g e n e r a t e t h i ~, p r o f i l e . 
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(h) EAP-3: Amplification of Profiles - In step EAP-2, 
it was stated that profiles were generated for each 
type of EUM in the community. In this step, the 
profiles generated for one occurrence of each EUM, 
are increased, or amplified, to represent all occur­
rences of each EUM which occur in the community. 
This amplification is done using a statistical tech­
nique which takes account of the diversity factors 
in the loads. 

(i) EAP-4: Aggregate Demand Profiles - In this step, 
the amplified demand profiles for all EUM types in 
the community are aggregated. This is done over 
fuel types (energy forms) to develop the total demand 

. profile for each major energy form used in the 
community. Depending on user needs, this aggrega­
tion may be done over various land use categories, 
activity types, or other ways to yield specific 
information needed. 

(j) EAP-5: Balance With Supply - In this step the aggre­
gate demands for each energy form are balanced, on 
an hourly basis with the available supplies. This 
is accomplished by a linear programming allocation 
scheme. The result of this step is a set of output 
requirements for the community's primary conversion 
and distribution facilities. 

(k) EAP-6: Specify Primary Energy Requirements - In this 
step, the outputs of primary conversion and dis­
tribution systems are being used, in conjunction 
with the physical/engineering characteristics of thes.e 
facilities, to determine the primary fuel require­
ments necessary to meet the energy output requirements. 

(1) AF-4: Implementability Assessment - Thi$ step is 
the same at the energy analyst level as it is at the 
planner level. 

(m) AF-5: Comparison, Ranking, Selection - This step is 
the same at the energy analyst level as it is at 
the planner level. 

In the context of using the methodology at the energy analyst 
level, it should be noted that the complexity of the EAP, at 
this level, is such that it is only practical to U$e this tool 
in a computerized mode. It is anticipated that the EAP will 
be computerized during the second phase of this project. 
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Table 3, below provides a summary of the inputs and outputs 
of the various steps in the methodology, as applied at the 
energy analyst level. 

Similar to the planners level, there are six classes of 
applications which have been defined for the methodology at 
the energy analyst level. Furthermore, as before, it is not 
necessary for the user to work through all the methodological 
steps to perform each of the applications specified. The 
following text and figures illustrate each of these applica­
tions, and how the methodology is used to accomplish each. 
As before, the figures are shown with only the necessary steps 
drawn in bold face lines. 

(a) Baseline Applications - This application is shown 
in Figure 11. In this application the user may 
enter at either of three positions. If the com­
munity description is known at the EUM level, the 
user may enter after step EAP-1, and begin by 
applying the profile generating functions. If the 
community description is available at the parcel 
level, the user enters at step EAP-1, and begins 
with the disaggregation exercise. Finally, if the 
community description is known, wholly or partially, 
at some 1 evel more general then the parcel level, 
the methodology is entered at step CCP-2, wnere the 
physical characterization procedure is used to 
the parcel 1 evel. The user works through a 11 the 
EAP steps, and exits after step EAP-6. 

(b) Physical Change - This application is shown in 
Figure 12 . .In this application, the user must have 
the physical change specified at least to the parcel 
l~vel. The methodology is entered prior to step 
EAP-1. The parcel-level inputs are disaggregated 
and the energy impacts are calculated in steps 
EAP-2 through EAP-6. The results are reported 
from step EAP-6. 

(c) Behavioral Change - This application is shown in 
Figure 13. In this application, the methodology is 
entered at step CCP-1. The CCP is used to predict 
likely physical changes resulting from behavioral 
changes. These physical changes are specified at the 
parcel level. Steps EAP-1 through EAP.:.6 are used to 
develop energy impacts. Results are reported out 
of step EAP-6. 

(d) Option Evaluation - This application is shewn in 
Figure 14. In this application, the user e-nters 
the methodology with a proposed energy con~ervation/ 
management option in mind. As the option ·111ay be of 
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Methodology 
Step 

AF-1 

AF-2 bt3 
CCP-2 

EAP-· l 

EAP-2 

EAP-3 

EAP-4 

EAP-5 

EAP-6 

AF-4 

AF-5 

TABLE 3. SUMMARY OF INPUTS AND OUTPUTS 
FOR METHODOLOGY STEPS - ENERGY ANALYST LEVEL 

Inputs Outputs I 
! 

• Community description, in terms • Hourly loads fo~ 
of EUMs EUMs, and energy 

forms 
, Local physical and climatic I 

! factors affecting energy use I 
~ 

, Same Table • Same Table I 

as as I 

i 

, Same as Table • Same as Table 1 
I 
i 

, Same as Table • Same as Table I 

j 

• Community physical description- • Community physical 

I parcel level description-EUM level 

• List of EUMs in Community • Unit demand rating ( 

for each EUM type 
• Climatic data 

• Unit percentage pro-
• Other physical and behavioral file for each EUM 

factors type 

• EUM unit profiles • Amplified EUM profiles 

• P rob ab i l it i es of usage for 
each EUM 

, Climatic data 

• Amplified EUM profile • Aggregated profiles, by 
energy fonn or other 

I levels Jf aggregation 
as need~d 

• Energy form-specific demand • Allocation of supplies 
profi 1 es 

• Supplies available 

• Supply constraints 

• Supply system output require- • Primary energy require-
ments ments 

• Physical/engineering character- ! 
istics of supply facilities 

J 
I 

• Same as Table , Same as Table I 
I 

t 

• Same as Table • Same as Table j ---· --
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either a behavioral or a physical natu~e, the user 
must enter prior to steps CCP-1 and CCP-2. In 
these steps, the impacts of the option, at the parcel 
level, are specified or estimated. The user then 
works through steps EAP-1 through EAP-6 and the 
energy impacts are reported out of step EAP-6 . 

(e) Comprehensive Energy Planning - This application is 
shown in Figure 15. In this application, the full 
methodology is used. The user enters the methodology 
at AF-1 where the baseline energy audit is done. 
From there he proceeds to identify and select 
goals, in step AF-2, and to make a preliminary selec­
tion of action options in step AF-3. The physical 
impacts of these options are estimated in step 
CCP-1 and CCP-2, then the associated energy impacts 
are developed in steps EAP-1 through EAP-6. The 
implementability of each is assessed in step AF-4, 
and the implementability and energy impacts are used 
in step AF-5 to compare, rank, and select from among 
the options evaluated. As shown in Figure 15, there 
are a number of places through out the methodology 
where feedback/review may be required. These feed­
back loops allow the user to redefine goals or 
reselect options for evaluation based on the outcome 
of various methodological steps. 

(f) Research Application - This application is shown in 
Figure 16. In this application the objective is to 
estimate the hourly energy demands of a specified 
(real or hypothetical) community. Since maximum 
accuracy is required, the user enters with a descrip­
tion of the community's physical composition at the 
EUM level. The methodology, therefore, is entered 
a t th e s ta r t o f s t e p EA P - 2 . F r om t h e E UM ~; p e c i f i c a -
tion and other physical and climatic data particular 
to the community, the energy demand profi 1 E!S are 
generated in steps EAP-2 through EAP-4. The aggre-
g a t e d 1 o a d p r o f i 1 e s a r e r e p o r t e d o u t f r o m ~; t e p E A P - 4 . 

Summary 

As this section has stated, the product of this research 
is one methodology. This is comprised of an Applica·:ion Frame­
work and two analytical tools. The methodology may be applied 
at either of two levels, depending on the needs and 1~esources 
of the user. The major difference between the two l1~vels of 
application of the methodology is that for each leve·1 of appli­
cation , a di ff ere n t version of the analytical too 1 s ·i s used . 
In the planner application, the framework is used wi~h a simpli­
fied CCP and EAP. In the analysts application, the detailed 
AAP and EAP are used. 
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The balance of this chapter provides detailed descriptions 
of the CCP, the EAP, and the Analytical Framework. In the 
sections for the CCP and EAP, both the planner and the energy 
analyst levels of application detail are discussed. 

C. Community Characterization Procedure 

1. Overview 

a. Precedents. There have been various efforts to 
provide comprehensive descriptions of both the physical and 
behavioral characteristrics of a community, but none is 
directly relevant to the particular purposes of this project. 
That is, the classification scheme that is required for this 
project will be uniquely designed to meet the purposes of 
this project, as defined in the previous section. This is 
not to state that previous attempts at classification of 
elements of community have not been reviewed and utilized 
in the development of this particular framework, for such 
was, in fact, the case. Rather it is to point out that 
the particular purpose and design of this project required 
an attempt to characterize the various components of land 
use, activity, and behavioral processes unlike previous 
efforts. 

b. Major Components. As discussed previously, there 
are two major components to the community characterization 
procedure: physical characterization and behavioral charac­
terization. In addition, there are a set of procedures 
that are used as part of the application of both :harac­
terization. Those components are described in the following 
sections. 

c. Uses of the Community Characterization Jrocedure. 
I n g e n e r a l , t h e c om m u n i t y c h a r a c t er i z a t i o n p r o c e d :J r e i s 
intended to provide a means for either the planner or 
energy analyst to describe both physical and behavioral 
aspects that impinge upon or influence energy conservation 
and community planning. These purposes may be mo~e expli­
citly stated as the capability to: 

• 
• 

Describe decision-making processes and 
patterns of development in a community; 

Analyze those processes and patterns of 
development in a systematic fashion to 
determine how energy use may be altered by 
physical and behavioral changes; · 
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• Evaluate a variety of energy conservir1g 
actions, other actions and policies, and 
broad community goals, in terms of changes 
in energy use and behavioral impacts, which 
these actions, policies, or goals might 
cause. 

In more specific terms, the Community Characterization 
Procedure is intended in itself to describe and analyze 
present patterns of energy end-uses, as determined by pre~ 
sent patterns of physical and behavioral characteristics (as 
i n the II Basel i n e Appl i cation 11 des c r i bed i n the pre vi o us 
section); it is necessary to undertake, at a minimum, an 
analysis of physical characteristics in order to make any 
statement of how energy is presently used in the community. 
Furthermore, depending on a variety of assumptions or para­
meters, various other applications are linked into the 
Community Characterization Procedure and depend upon it to 
derive both changes in energy demands and to determine 
likely behavioral impacts; both of these pieces of infor­
mation are necessary to proceed with decision-making and 
evaluation based, in part, on energy-conservation and 
management in the community. 

d. Overview of Community Characterization. In order 
to explain how the Community Characterization Procedure was 
derived, and to further develop how it may be used for both 
analytical and evaluative purposes, a series of assumptions 
that underlie the framework will be stated: 

(1) One major assumption underlying this project 
is that all physical forms or activities can 
be translated into energy end-uses in a direct 
way; therefore, for every physical parameter 
that may be expressed there is corresponding 
expression of energy demand. 

( 2 ) 

( 3 ) 

Physical aspects may be alternatively defined 
as land uses and commensurate activities, 
and may further be seen as the products or 
results of development processes. 

Physical forms or land uses may be fLrther 
defined as consisting of three comporents -­
natural or site conditions, structures and 
infrastructure networks, and activities or 
operations. These distinctions are made 
to differentiate among land use references 
as follows: 

• As natural or environmental attr·ibutes 
of a site or geographical area; 
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• As functional uses of a site or geo­
graphical area, where functions are 
determined by the type or structure 
or infrastructure on the land; 

I And as type of activity that occurs on 
the land and within structures. 

For example, residential land uses/activities 
may be taken to refer to land committed to 
residential uses, residential structures 
themselves, household operations, or activities 
that occur on the land. 

(4) Another major assumption underlying this 
project is that a direct ~~lationship between 
behavioral and physical characteristics 
cannot be stated. The relationships between 
physical forms or characteristics of the 
community and the decision-making processes 
and behavioral patterns that create and ope­
rate those forms are too complex, too inter­
related, and too numerous to account for in 
a simple yet fully descriptive manner. As 
will be seen, the approach in this project, 
then, is to provide a common framework that 
may be used for sorting out the relationships 
between behavioral processes and physical 
products resulting from those processes. The 
common framework will consist of a well-defined 
set of descriptors of behavioral characteris­
tics, which will be used as a checklist orga­
nizing the process of decision-making, develop­
ment and operation, for descriptive purposes, 
and which may then be further refined for 
analytical and evaluative purposes. 

(5) In arraying the behavioral characte~istics, 
the implicit assumption is made tha·t the 
particular forms and activities in a community 
are the result of processes of both market 
and nonmarket behaviors. Economic decisions 
may be tracked or understood in the context 
of market behavior -- therefore business 
behavior is oriented to obtaining a profit 
or rate of return on investment; government 
decisions are directed to delivery Jf a level 
of services and facilities as demanded by 
consumers within the constraints of public 
budgets; and households are motivated by 
cost considerations of a similar nature. In 
addition, noneconomic decisions or changes 

II-38 



-

r 
! 

r'! t · .. 
i 

r 

-/ 
! 
I 

r 
I 

r 
f . 

M 
fl . ' 

r I•·, 
g 

must also be accounted for~ so that natural 
events, personal preferences, and poi itical 
choices, for example, are also taken into 
account in decision-making processes. 

(6) Although the number of relationships between 
behavioral and physical aspects, and among 
behavioral characteristics themselves, is 
large, the primary focus of this project is 
on the community planner and public decision­
making. Therefore, the set of behavioral 
factors is directed more toward -- but not 
exclusively upon -- the governmental dimension 
of behavioral characteristics. 

The relationships that have been described under­
lying this project are summarized on Figure 17, and may 
be simply stated: 

2 . 

• Energy end-uses are determined directly from 
the physical characteristics of a community, 
including attributes of land, structures, 
and activities. 

• 

• 

Energy end-uses are determined indirectly 
by behavioral processes or characteristics 
that affect physical forms and therefore 
energy end-uses. 

Behavioral characteristics are determined by 
a number of factors, but the public policy 
and action aspect is of particular impor­
tance, for this is the arena in which the 
community planner has greatest influence. 

Physical Characterization 

a. Definition. Energy use is directly related to 
the physical form of a community. In order to analyze 
energy use patterns, the physical characteristics of the 
community must be described in some detail. For the pur­
poses of this study, this analysis is referred to as a 
"physical characterization. 11 

The purpose of the physical characterization is: 

• 

• 

to facilitate the conversion from land-use 
categories to land-use parcels, which can 
be converted into end use modes for energy 
analysis; 

to relate land-use categories to changes in 
the behavioral patterns in the community. 
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The physical characterization must be iscussed 
in sufficient detail to contribute to the overal framework 
of the community characterization and to be useful to the 
practicing planner on a variety of levels to achieve these 
two purposes, thus this section proposes a physical char­
acterization procedure which can be operated at five. levels 
of detail -- metropolitan, community, district, zone, and 
parcel. A method is provided for analyzing a community at 
any of these levels, and for converting gross land-use tabula­
tions to the most deta i 1 ed 1 evel (parcel) where energy 
analysis can begin. 

So·that the community planner or energy analyst 
may either assess energy use or evaluate alternative energy 
conservation methods, the community must be considered 
according to the four main factors constituting its 
physical characteristics. In order of importance from a 
conceptual point of view, these are land-uses, natural 
conditions, circulation, and urban form. Further, each 
of these factors has elements which are of conceptual 
priority. These are discussed below. 

* 

(1) Land Use. Land use categories refer to the 
types of activities serving and expressing human needs. 
Inasmuch as buildings accommodate these activities, 
various structural types are associated with land use; 
although in some cases the land may purposely be pre­
served from development, as in the case of open space. 
Major land use categories that correspond to human 
activities such as living, working, shopping, and re­
creating are residential, industrial, commercial, 
institutional, transportation, open space and active 
recreation, and agricultural. These categories repre­
sent a distillation of several existing codes in current 
use*; and are a compilation deemed more appropriate to 
energy considerations than these existing codes, which 
frequently, for example, itemize manufacturing types 
in detail inappropriate to energy consumption analyses. 

(2) Natural Conditions. Natural conditions are 
the support system and paramaters for all physical 
community development; the primary parameters of human 
settlement development are defined by such things as 
the climate, water orientation, topography, and land­
scape (vegetation type, density, maturity) of a 

Standard Land Use Coding Manual, U.S. Urban Renewal Admini-
stration and Bureau of Public Roads, Washington, D.C., 1965, 
pp. 29-31; and Standard Industrial Classification MGnuaL, 
U.S. Bur•eau of the budget, Washington, D.C., 1957. From 
"Land Use Studies," in Principles and Practice of UJ'ban 
Planning, Shirley Weiss, p. 111-112. (Ed., Goodman and Freund). 

II-41 



-~ . 
. 1, 

community. These factors may be mediated to facili­
tate certain types of human development, but they may 
never be altogether controlled or iqnored (as has 
been demonstrated in recent history by the documented 
detrimental effects of air and water pollution, for 
example). Natural conditions are variably controllable 
through natural resource management. 

Water resources and orientation are signifi­
cant descriptive factors of a community but different 
types have varying impacts on energy use. 

Of the four natural conditions, climate is 
the least flexible parameter, inasmuch as it may only 
be controlled, though not altered, at the micro (or 
building) level. (Although metropolitan area climate 
control, in the form of a space bubble, has been pro­
posed, it is not realized yet.) The presence of a 
large area of water -- an ocean, lake, or bay -- will 
be a micro-climatic influence affecting energy use 
for heating and cooling, for example. Also, its adja­
cency to a site limits extensive land development; 
or it may provide a power source (as for hydroelectric 
energy production), if available in an appropriate 
form. Likewise, topography is a parameter which is 
a more easily controlled variable than climate or 
water orientation, because land configurations may 
be changed more readily, although not without affecting 
other natural conditions (water, vegetation). Finally, 
vegetation characteristics, although water and climate­
dependent, can be altered, probably the most easily 
of the four natural factors. 

Natural conditions differ from land use in 
that they are discriptions without value in terms of 
a relationship to people, their needs and activities. 

(3) Circulation. Because it comprises several 
semi-independent and overlayed networks, circulation is 
the most complex factor affecting community physical 
form from an energy standpoint. In the case of trans­
portation, this network serves people directly; 
utility distribution of gas, electricity and water 
serve people indirectly, as does waste collection, 
either solid waste or waste water. 

(4) Urban Form. Urban form refers to the ~atterns 
of development which characterize a community, including 
both the vertical and horizontal confiquration of struc­
tures and spaces. As human settlements have qrown to 
be increasingly ,complex (and strived for physical perma­
nence and continuity), the urban area, including the 
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city as its vital center, has become the focus · f not 
the norm for discussing land-use relationships. Indeed, 
recent land use studies document the urban annexation 
of rural lands, including open idle, forest and crop 
land. 

Thus, although current urban uses of land 
occupy only 16.4 percent of the total land area, these 
uses are both intense and increasingly influential 
on cross-sector development. The deployment of uses, 
including clustering, as in Planned Unit Development, 
and Mised-Use Development, are examples of current 
planning practices that affect urban form, and indi­
cate trends which suggest the necessity for including 
urban form as a dynamic factor that characterizes a 
particular community's physical form. 

b. Objectives. A number of objectives were established 
for the choice of physical descriptions. To provide continuity 
between established physical planning approaches and current 
efforts to assess a community for energy use and potential 
conservation, every effort has been made to selectively 
incorporate terms and classifications familiar to the prac­
ticing planner. Additional criteria for the choice of factors 
and categories also require that they have an available data 
base, and that the factors be energy-consumption indicators. 
Inasmuch as existing data sources may be heterogeneous, a 
further objective of the physical characterization process 
is to provide the community planner with a conversion 
method, which will render mixed data directly applicable 
to an energy analysis. Thus, for example, where residen-
tial land use is often described by number of dwelling units, 
denoting number of occupants; figures commonly used to des­
cribe commercial land uses are in square feet of floor space. 
Equivalencies for number of dwelling units, which can be 
converted to energy end-use modes are provided in Table 4 
Physical Characterization-Levels of Analysis. Also, these 
conversions may be worked out from the most general or 
aggregate level of characterization to the most specific 
level. 

Factors which are not primary energy indicators 
are eliminated or deemphasized. An example is the four 
digit Standard Industrial Classification code, originally 
developed for statistical review by various Federal agen­
cies. These breakdowns are not all applicable to energy-
use analysis, because this classification provides a level of 
detail which is too cumbersome for community-wide energy analy­
sis. furthermore, all land use categories are included in 
the list of physical characteristrics, so that a comprehensive 
descriptive basis will both match current energy analyses by 
sector, and provide a meaningful departure point for considering 
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TABLE 4. PHYSICAL CHARACTERIZATION-LEVELS OF ANALYSIS 

COMMUNITY 

Central City 

Sub1..irl::on Fringe 

DISTRICT 

Central Business 
District 

Industrial District 

Planned Unit 
Development 

CBD Fringe 

Urban neighborhood 

Suburban Neighborhood 

Beltway "Ring" 

ZONE 

Subdivision, (by type) 
R-1,. R-2, R-3, etc. 
Single/multi fomil y 

(mployment 
Office 
Industrial (M-l ,M-2, .• • ) 
Government 

Shoppi·ng (B.l ,B .z .• • ) 

Medical (Inst.) 

Campus 

Porks-Open Space 

PARCEL 

Residential 
Single family detached 
Single family attached 
Multi-family low-rise 
Multi-fomi ly high-rise 
Mobil homes 

Commercial 
reto ii : small 
retail ; large 
retail : regional 
restaurants 
wholesale 
office low rise 

office high rise 
ouditoria and arenas 

hotel - mot6l - low rise 
f high rlse 

Institutional 
hospitals 
schools 
Public Administration 
religious, social 
cul turo I, museums 

Transportation, circulation 
roods, r.o.w.s 
parking 
terminals 

Open Space 
preserves (land, wo tP.r) 
park', 

Special u~e1 
indu~try (by type) 
agriculture 
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future development options. If, for example, ope1 space 
were to be excluded, as it might be perceived as entailing 
no (or insignificant}energy use; the current total energy­
use figures for a community would only correspond to a 
partial area. Also, energy-use requirements for future 
development of the open space (infrastructure siting, opera­
tion and maintenance, building and transportation system 
construction and maintenance) could not be calculated. 

c. Levels of Analysis. Urban planners practice their 
professions in an environment that requires anticipating 
long-range trends while at the same time making detailed 
day-to-day decisions. Charged with the responsibility to 
project the changing needs and form of the city over the 
long term future, planners must take a 11 broad-brush 11 ap­
proach to master planning. Simultaneously, however, planners 
must also make recommendations on detailed land-use, trans­
portation, and public service alternatives, as well as 
review construction plans proposed by private land owners. 
Planners, therefore, must analyze issues on a number of 
different levels of detail. 

In addition, planners must rely on available data 
resources for most of their work. Only on large specialized 
assignments - usually when outside funding is available -do 
planners have the ability to collect significant amou1ts of 
new data or to do original research. Existing data m1y be 
spotty and may have been collected for specific purpose 
which restricts its usefulness. Available data also in­
cluded standard information sources such as the census. In 
summary, data will be available from a variety of sources, 
but will vary in terms of accuracy, applicability, timeli­
ness and 1 evel of deta i 1. 

In order to accommodate analysis and data at 
different levels of detail, the physical characterization of 
the community must be designed to operate for different 
levels of analysis. These levels of analysis should permit: 

• 

• 

• 

Analysis of the community using data which 
varies in detail and source. 

Analysis of the community in a rapid, over­
view manner as well as for more thorough 
study. 

Analysis of a community using available data 
and providing estimated values where neces­
sary to complete the characterization. 
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For the purposes of this study, the physical char­
acteristics of the community are arranged in such a manner 
as to allow planning professionals to make energy decisions 
at a variety of scales. For example, Comprehensive Master 
Planning is carried out typically at the scale of the entire 
community, while zoning or site plan reviews will effect a 
small segment of the community or perhaps only a single 
site. In order to permit aggregations of land uses into 
manageable and useful categories, the following list of 
levels for analysis has been developed: 

• 

• 

• 

Metropolitan. Describes clusters of communi­
ties. This level of analysis is beyond the 
scope of the current study. 

Community. Describes a self-contained munici­
pal jurisdiction within largely contiguous 
political boundaries, and containing a full 
range of land uses. Community types include 
Central Cities Suburban Fringe Cities. 

District. Describes aggregations of mixed 
uses on multiple sites such as a Central 
Business District, Office/Industrial employ­
ment districts, Planned Unit Developments, or 
sectors of cities such as CBD Fringes, Urban 
Neighborhoods, 11 Beltway 11 developments, etc. 

• Zone. Homogenous uses on single or multiple 
sites such as Industrial Parks, Subdivisions 
(Residential), Campus developments, Shopping 
complexes, etc. · 

, Parcel. Describe a single homogenous use on 
a single building parcel, such as a single­
family residential unit, small office building, 
or shop. This level provides the necessary 
breakdown of variables for conversion to 
EUMs, dealt with in subsequent sections. 
Table 4 shows the five levels of analysis· and 
types of land uses, under each category.) 

The following sections describe each of these 
levels of analysis. 
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(1) Metropolitan Level of Analysis. A. metropolitan 
area generally includes a major central city and a 
cluster of suburban communities. Analysis of major 
urban concentrations, particularly those involving 
multiple political jurisdictions is undertaken by 
various state, county, or regional planning agencies. 
The intent of this study is to provide planning tools 
which can be applied to smaller communities which may 
or may not be a part of a large urban area. The char­
acterization of entire metropolitan areas is considered 
beyond the scope of the study. 

(2) Community Level of Analysis. The term co~­
munity is used here to describe a municipal jurisdiction. 
For this study, methodology will be developed to charac­
terize communities in the 25-50,000 population ran9e. 
Communities of this size are considered to be suffi­
ciently large to demonstrate the characterization process 
without encumbering the process with undue complexity. 
Either a suburb or a self-contained community pertains. 
In addition, cities in this population range qenerally 
have a planning history as well as access to a planning 
staff. Therefore, it can be expected that a data 
resource will exist as well as a functioning planning 
organization to make use of the methodology. 

The political boundaries of the city 1re 
chosen as the boundaries of the characterization in 
order to reflect the area over which a local planner 
has influence. In addition, nearly all data is collected 
and compiled on the basis of defined boundaries. 

At the community level, a planner may have 
several concerns which can be addressed by the char­
acterization: 

• 

• 

A planner can learn to what deqree his· 
community is typical of other communi­
ties. The characterization should pro­
vide basic measures drawn from a variety 
of cities which a local planner can use 
to evaluate his community. In this way, 
a very rouqh approximation of the basic 
elements of the community can be esti­
mated. 

Rapid estimations of physical characteris­
tics can be made for "broad brush" analysis. 
For example, assessina the impact of 
major changes on the entire comrrunity. 
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• At the community level, a planner can in­
corporate data which is available and 
specific to his community, thereby modi­
fyin~ generalized community data which 
is supplied in the characterization. For 
example, a small community which includes 
a major regional use such as a colle9e 
campus, a steel mill or a regional park, 
will produce physical data dissimilar 
to the average town of its size. For 
these communities, the local planner 
can make the characterization more specific 
by adding in special local conditions, 
while at the same time retaining estima­
tions of other land uses provided by the 
characterization. 

A breakdown of land uses at the scale of the 
entire community, from which the planner can convert 
to the oar c e 1 1 eve 1 , i s prov i de d on the par c e 1 ch art. 
(Table 14. Parcel Measurements for Data Conversion.) 

{a) Types of Communities. For the purposes 
of this study, two types of communities have heen iden­
tified - Central Cities and Suburban Fringe Cities. 
Experience has shown that communities which are inde­
pendent of other communities have a somewhat different 
mix of land use and other physical characteristics. 

• Central Cities. A Central City 
will be defined as a community which 
is dominant in its region. The 
city may provide services which 
support outlyinq or rural develop­
ment but does not rely on other com­
munities for hasic needs such as 
employment, shopping or living area. 

Among smaller communities (25-50 
thousand population range), the 
boundaries of the city generally 
will include a full range of land 
uses. The characterization will 
consider land uses in the following 
categories: 

Residential - single-family 
detached residences. 

Residential - two family 
attached units. 
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Residential - multifarrily 
apartments or condominiums. 

Commercial areas including 
stores, shops and other forms 
of retail activity. 

Light industry including ware­
house and distribution as well 
as light manufacturing and 
processing facilities. 

Heavy industry including major 
manufacturing and processing 
facilities. 

Circulation including streets 
and highways and railroads. 

Parks, and other public open 
space. 

Public and semi-public property 
including schools, other 
public facilities and institu­
tional, religious and cultural 
facilities. 

For each type of community, land use 
guidelines are provided on the basis of area (acres, 
sq. mi., etc.) or by population. 

• Area measures for Central Cities: 
Research indicates that lancfLAse 
proportions for typical Central Cities 
have been found to reasonably con­
sistent. Table 5, Typical Land 
Uses for Central Cities, p1·ovides 
guidelines for planners to define 
land use quantities. Usinq these 
proportions, and lacking any more 
city specific data, a planner can 
roughly estimate expected land use 
breakdowns for his communi:y. In 
order to relate the analys·is directly 
to his application, the planner should 
add into the process any features 
which make his community unique or 
atypical. These breakdowns may 
be converted to the parcle level using 
the chart provided. (Table 14, Parcel 
Measurements for Data Conversion.) 
The data in this and the following 
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TABLE !'.;. TYPICAL LAND-USES FOR CENTRAL CITIES BY AREA 

.Use 

Residential Single family 
Residential Two family 
Residential Multifamily 
Commercial 
Light Industry 
Heavy Industry 
Railroad 
Streets 
Parks & Recreation 
Public and Semi Public 
Vacant (Incl. water) 

Total 

Percentage of Percentage of 
Developed Area~ Total Area 

31 • 81 

4.79 

3. 0 l 

3.32 

2.84 

3.60 

4.86 

28. l 9 

6.74 
l O. 93 

100% 

75% Developed 

25% Undeveloped 
100% 

SOURCE; Adapted from Land Use in American Citili.i_ 
~. Bartholomew, Harvard University Press, 
1955; and Recent Land Use Trends in 48 Large 
American Cities, Niedercorn and Hearle, Rand Corp~, 
·1963. 
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three tables may be limited oy its 
age, and the size of the community 
being studied; and may also need to 
be further defined in work area 
300, through more research into 
existing sources, or locally through 
a market analysis. 

Working from a population base, the 
tabulations in Table 6, Typical 
Land Uses for Central Cities by 
Population, provide land use break­
downs for typical Central Cities. 

Working from a population base, 
planners can estimate land use for 
existing communities or project 
future land-use needs for growing 
areas. 

Suburban Fringe Cities. Suburban 
fringe cities are communities which 
are functionally and/or economically 
tied to other communities. The most 
common type of Fringe City is the 
"Bedroom Communi ty 11 which is located 
in proximity to a large city or 
within a major urban concentration. 
Fringe Cities typically are lower 
in density overall than Central 
Cities and have higher proportions 
of low density residential and 
industrial uses. 

The following tables represent data 
collected for communities wrich are 
recognizable, independent ertities 
in large urban areas but which are 
not so specialized as to be unique 
examples. For instance, communities 
which have unusually large freas of 
industrial, educational or residen­
t i a 1 1 a n d u s e s c a n be re c o g r: i z e d . 
For these cities, the tabul~ted 
data must obviously be modified 
locally. 
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TABLE 6 .. TYPICAL LAND USES FOR CENTRAL CITIES BY POPULATION 

Use Acres of Developed Area 

Residential - Single family 
Residential - Two family 

Residential - Multifamily 
Commercial 
Light Industry 
Heavy Industry 
Railroad 

Streets 
Parks 

Public and Semi Public 

per 100 Persons 

2. 1 0 

0.33 

0.21 
0.20 

0.25 

0.33 

t.94 

0.46 

0.75 

Total 6.89 

SOURCE: Adapted from Land Use in American Cities, 
H. Bartholomew, Harvard University Press, 
1955; and Recent Land Use Trends in 48 Larg~ 
American Cities, Niedercorn and Hearle, 
Rand Corp., 1963. 
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• A r e a M e a s u r e s f o r S u b u r b a n ~ _rJJlSX 
Cities. The data in Table 7 pro­
vides area breakdowns for typical 
suburban fringe cities. Table 8 
illustrates typical land use in 
Suburban Fringe Cities based on 
population. 

(3) District Level of Analysis. To obtain a more 
precise physical characterization than can be achieved 
at the community level, a planner can work at the 11 Dis­
trict11 Level. The term district is used to define an 
area of the community which has definable boundaries 
and contains certain dominant land uses. Districts can 
also describe aggregation of mixed land-uses on multiple 
or single large sites. Examples of districts are: 

• • • 
0 

• • 

Central Business Districts 
Office/Industrial Employment Districts 
Planned Unit Developments 
Urban Residential Neighborhoods 
Suburban Neighborhoods · 
11 Beltway 11 Developments 

This characterization will permit a planner to 
subdivide his community into districts and to calculate 
land use and often physical quantifications based on 
the District Level of detail. Advantages of the District 
Level of analysis are that the community can be charac­
terized in a more specific way than at the overall com­
munity level while at the same time using general data 
and readily available estimating. 

Id.eally a community could be completely divided 
into districts for which data could be analyzed. In 
practice, however, it is expected that the District Level 
of analysis could be combined with other levels of 
analysis to characterize the community. Although the 
District Level includes the six types cited above, 
for illustrative purposes, the CBD has been selected 
to show the analytic process, because the CBD is a cru­
cial sector. 

(a) Central Business District. The Downtown 
is the most readily identifiable District in any community. 
For characterization purposes, it is also perhaps the 
most difficult area to describe due to the multiple 
overlapping land uses. The CBD is often considered to 
have two sectors: the CBD core and the CBD fra~e. The 
core-frame concept permits separation of the CBD into 
areas tncluding dense center and a second area which 
includes the less dense areas surrounding the center. 
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TA~ z. TYPICAL LAND USES FOR SUBURBAN FRINGE CITIES BY AREA 

Use Percentage of Total Percentage of 
Develoned Area Total Area 

Residential - Single family 
Residential - Two family 
Residential - Multifamily 
Commercial 
Total Industrial 
Railroad 
Streets 
Par ks 
Public & Semi Public 

Total 

3 6. 18 

3. 31 

2.49 

2.54 

7.86 

4.65 

27.67 
4.37 

10.93 

100.00 

7 5°{ 

Vacant 
Total 

.2 5% 

l 00% 

SOURCE: Adapted from.Land Use in American Cities, 
H. Bartholomew, Harvard University Press, 
1955; and Recent Land Use Trends in 48 Large 
Am e r i c a n C i t i e s , N i e d e r c o r n a n d H ea r 1 ,~ , Ra n d 
Corp., 1963. 
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TABLE 8. TYPICAL LAND USES FOR SUBURBAN 
FRINGE CITIES BY POPULATION 

Use 

Residential - Single family 

Residential - Two family 
Residential - Multifamily 

Commercial 

Industrial 
Railroad 

Streets 

Parks 
Pub 1 i c & Semi Pub l i c 

Total Developed Area 

Acres of Developed Area 
per 100 Persons 

3. 1 4 

0.29 

0.22 

0.22 

0.69 

0.40 

2.40 

0. 3 8 

0.95 

8.69 

SOURCE: Adapted from Land Use in American Cities, 
H. Bartholomew, Harvard University Press, 
1955; and Recent Land Use Trends in 48 La~ 
American Cities, Niedercorn and Hearle, Rand 
Corp., 1963. 
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The following tables indicate the most easily identifi­
able characteristics of the core and frame (Tables 9, 
10, and 11). 

• Land Use in the CBD. The primary land 
users in the CBD are Retail, Commercial, 
Office and Transportation. In order to 
characterize these factors it is necessary 
to provide a general methodology for 
calculating quantities. 

The following data may be limited by its 
age, the size of the community studied, 
and may also need to be further defined 
in Work Area 300, through more research 
into existing sources, or locally through 
a market analysis. 

The following data is provided to assist 
the planner in estimating land use in the 
CBD: 

Retail Space. Retail sales have been 
found to occupy approximately 30 
percent of available downtown floor 
space. Since shopping activities 
are almost exclusively first floor 
uses (except in the case of multi~ 
story department stores) this pro­
portion is a rough approximation of 
downtown land coverage. 

Office Uses. Office uses occupy 
approximately 33 percent of CBD 
flospace. Offices may be single or 
multistoried structures and therefore 
total flo-0r area must be divided by 
average building height to determine 
ground coverage. 

Transportation. Space fer auto circu­
lation and storage (streets and parking) 
can vary greatly depending upon size 
of community and the valLe of downtown 
land area. Estimates of space needs 
range between 25 and 35 percent of 
CBD land area. 
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Property 

Intensive 
land use 

Extended 
vertical 
scale 

Limited 
i zonta l 

Limited 
izontal 

hor-
scale 

hor-
change 

Concentrated 
daytime popu­
lation 

JTABLE 9. GENERAL PROPERTIES OF THE CBD CORE 
I 
I 
! 

I 

i 
'i 
I 

,i 
! 

Definition 

Area of most intensive 
land use and highest 
concentration of social 
and economic activities 
within metropolitan 
complex 

Area of highest buildings 
within metropolitan com­
plex 

Horizontal dimensions 
limited by walking 
distance scale 

General Characteristics 

Multistoried buildings 
Highest retail productivity 

per unit ground area 
Land use characterized by 
offices, retail sales, 
consumer services, hotels, 
theaters, and banks 

Easily distinguishable by 
aerial observation 

Elevator personnal linkages 
Grows vertically, rather than 
horizontally 

Greatest horizontal dimension 
rarely more than 1 mile 

Geared to walking scale 
----- ---+--------------

Horizontal movement minor 
and not significantly 
affected by metropolitan 
population distribution 

Area of greatest concen­
tration of daytime popu­
lation within metropoli­
tan complex 

Very gradual horizontal change 
Zo~es of assimilation and 
discard limited to a few 
blocks over long periods of 
time 

Location of highest concentra­
tion of foot traffic 

Absence of permanent residential 
population 

--------------------·--------........... --~---·-------
Focus of 
intracity mass 
transit 

Center of 
specialized 
functions 

Internally 
conditioned 
boundaries 

Single area of convengence 
of city mass transit 
system 

Major mass transit interchange 
location for entire city 

Focus of headquarters of- Extensive use of office space 
ffi ces for business, govern- for execut i VE~ and policy 
ment, and industrial \ making funct·ons 
activities I Center of specialized pro­

I fessional and business 
... _____ . ___ s_e_rv ice~---------

Excluding natural barriers, 
CBD boundaries confirmed 
only by pedestrian scale 
of distance 

Pedes t ri an and personnel 
linkages bet\-,een establish­
ments govern horizontal 
expansion 

Dependency on mass transit 
inhibits lateral expansion 

SOURCE: Horwood and Bance, Studies of the Central Business Disi:rict and 
yrb~Q_£reeway Deve 1 opment, Washington 

II-57 



:i 
·: 

TABLE 10 GENERAL PROPERTIES OF THE CBD FRAME 

Propert.v 

Semi-intensive 
land use 

Prominent 
functional 
subregions 

----------------------,---
Definition 

Area of most inten­
sive non-retail 
land use outside 
CBD core 

, Area of observable 
nodes of land 
u t i 1 i z a t i o·n s u r -
rounding CBD core 

General Characteristics 

Building height geared to 
walk-up scale 
Site only partially built on 

Subfoci characterized mainly 
by wholesaling and stocks, 
warehousing, off-street 
parking, automobile sales 
and sevices, multifamily 
dwellings, intercity trans-

l portation terminals and 
l facilities, light manufactur-
1 ing, and some institutional 
I , uses 

--- ________ j ___________ -+---------------
1 

Extended 
ho r ·i z o n t a 1 
scale 

Horozontal scale Most establishments have off-
geared to accommo- street parking and docking 
dation of motor facilities 
vehicles and to Movements between establish 

---"-----~1-h_a_n_d_l_,_· n_
9 
__ 

0
_f_g_

0
_
0 
__ d_s_~_m_e_n_t_s_v_e_h_i_c_u_l __ a_r _____ _ 

Unlinked Activity modes Important establishments link-
functional essentially linked ages to CBD core (e.g., inter-
subregions to areas outside city transportation terminals, 

Externally 
·conditioned 
boundaries 

CBD frame, except warehousing) and to outlying 
transportation urban regions (e.g., wholesale 
terminals distribution to suburban 

shopping areas and to service 
industries} 

Boundaries affected 
by natural barriers 
and presense of 
large homogeneous 
areas with distin­
guishable internal 
1 i n ka g es ( e. q . , 
residential areas 
with schools, shop­
ping, and community 
facilities) 

Commercial uses generally 
limited to flat land 
Growth tends to extend into 

, areas of dilapidated housing 
I 
! 
ICBD frame uses fill in inter-
' slices of central focus of 

highway and rail transporta 
tion routes 
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TABLE 11. PRIMARY DIFFERENCES BETWEEN 
CBD CORE AND CBO FRAME 

Factor 

Land utilization 
Site utilization 

Building types 

Growth 

Business linkages 

Parking space 

Transportation mode 
Transportation foci 
Boundary determinants 

Primary Characteristics 

in CBD Core in CBD Frame 

Intensive Semi-intensive 
Fully built on Partially built on 

Similar 

Upward 
Internal 

Very l i mi t ed 
Pedestrian 

Intercity 
I nterna 1 fac 
factors 

Dissimilar 

Outward 
External 

Generally adequate 

Vehicular 
Intercity 

External factors 

SOURCE: Horwood and Bonce, Studies of the Central Business 
District and Urban Freeway Development, University 
of Washinqton Press, Seattle, Washington, 1g59_ 
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o CBD Land Use Mix. The data presented 
below, and that in Table 12, allow 
the user to estimate typical CBD 
developments in a small community. 
These sector breakdowns provided 
may be similar to the parcel level 
of analysis. Further breakdown 
required for conversion to the 
parcel level of analysis is provided 
in the parcel level-of-analysis 
chart. (Table 11, Parcel Measure­
ments for Data Conversion.) 

Average size of CBD as a pro-
portion of total city size .70% 

Average ground floor building 
area as a percentage of 
CBD land area 60% 

Average total height-of build­
ing (this factor x floor 
area equals total building 
area) 1.5 to 2.0 

(b) Other District Level Functions. The central 
business district was selected for illustration because 
data was readily available. Data required for analyzing 
other district level functions such as industrial/employ­
ment areas, urban neighborhoods or planned unit develop­
ments has not been obtained. Further research is needed 
to determine the availability, accuracy and suitability 
of information. Of particular importance for this project 
are employment and residential sectors. It is suggested 
that characterization of these functions at the district 
level may be accomplished on a nonsite specific basis. 
For example, industrial employment data is available from 
the Census of Business and could be directly converted 
into floor area and acreage volumes. A further break­
down required for conversion to the partel level of 
analysis is provided in Table 14, Parcel Measurements 
for Data Conversion. 

(4) Zone Level of Analysis. The term Zone is in­
tended to describe homogenous uses on definable tracts of 
land. Examples are Residential areas of like density, 
Industrial Parks, Shopping Complexes; or Campuses. 
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TABLE 12. AVERAGE MIX OF LAND USE BY FLOOR AREA 

Retail Business 

Auto related 
Variety 
Miscellaneous 
Food 

Office 

Restaurant 
Other 

Clothing 
Household 

Financial 
Service Trade 
Headquarters Office 
General Office 
Other 

Miscellaneous 

Lodging 
Residential 

Vacant 

Public & Semi Public 
Industrial 
Wholesale 

3.9 
9. 5 
5. 3 

1 . 8 
2. l 
4.2 
5.3 

3. 0 
4. l 
5.0 

1 2. 7 
7.8 

l l . 7 
3.4 

11. 6 
l. 5 
l. 8 

5. 5 

SOURCE: Raymond E. Murphy, The Central Business District, 
Aldine, Atherton, NY, 1972. 
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Zones are familiar land use categories for 
planners since most cities use "zoninq 11 to control land 
development. Zoning classifications specify areas which 
permit only uses of certain types and sizes to be 
developed. While nonconforming and under-utilized parcels 
of land occur frequently in cities, zoning is a reasonably 
accurate tool for measurinq auantities of various land 
uses. In addition, examination of zoning for undeveloped 
land indicates the likely future use of that land barrinq 
unexpected rezoning. 

Most city planning departments have a general 
knowledge of the amount of land in the com~unity which 
is zoned for various uses. Also known is the percen­
tage of land which has been developed as well as that 
remaining undeveloped. In addition, planners often 
understand the degree to which the allowable building 
densities can be achieved on a specific parcel. For 
example a planner will know from local experience that 
a development usually yields 1 .6 dwelling units per care 
in an R-10 zone which requires 10,000 square foot lots. 

If the planning department does not have zone 
data available, it can be obtained reasonably quickly 
by taking quantities off maps and zoning documents. 
Local knowledge of existinq conditions must be used to 
make judgments as to the selection of zones and use of 
data which is obtained. It is intended that analysis 
at the zone level should be more detailed than at the 
community or district level, but less detailed than the 
parcel level which may required field investigation 
and surveys to assemble detailed data. 

The key zones for analysis are Residential, 
Commercial, Industrial, and Office. The fol lowing 
example, in the industrial sector, illustrates the 
method which can be utilized for zone level analysis. 

(a) Industrial Land Use Estimation. For 
industrial land uses estimations at the zone level it 
is necessary to establish the approximate mix of indus­
trial types within the city. The number of workers, as 
well as land area requirements, vary considerably by 
type of industry. 

Table 13 permits conversion of data for 
industrial uses and can be entered for employment, site 
size, or building area, which are parcel level factors. 
Further data required to obtain parcel level breakdown 
is provi"ded by the parcel level chart. (Table 14, 
Parcel Measurements for Data Conversion). In Table 13. 
separate columns are maintained for central area 
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TABLE 13. TYPICAL INDUSTRIAL LAND USES 

12 Digit 
Site Size Ratio of Building Employee 

X 1,000 sq. ft. Area to Site Area Densit1/Acre 
SIC Cod.e Central Outlying Centra 1 Outlying Centra Outlying 

r 

l I 20 Food 36 90 40% 45% 40 20 

j 23 Apparel 30 150 60% 30% 105 51 

24 Lumber 45 300 70% 6% 100 3 

25 Furniture 20 50 80% 31% 44 24 

26 Paper 50 400 72% 40% 40 32 

27 Printing 10 50 133% 30% 164 94 

28 Chemicals 500 1,000 36% 10% 6 6 

30 Rubber 30 80 67% 45% 50 21 

32 Stone Products 150 500 50% 8% 33 3 

33 Primary Metal 100 600 55% 30~s 18 11 

34 Fabd cated Meta 1 60 200 50% 20% 25 I 12 

35 Machinery 15 80 50% 30% 48 28 

36 Elect. Machinery 20 175 70% 60'.7', 50 35 

37 Transportation 1 , l 00 2,500 50% 10% 36 8 
·------·----------- .-~--,-

. 80-- -- 375- - ~--- 50% -1~- 15% . · 1-- 30- I 10- -

-
Average 

SOURCE: Industrial Potential of the Central City, Urban Land Institute, 1973. 



TABLE 14. PARCEL MEASUREMENTS FOR DATA CONVERSION 

Hand Site 
Population Coverage Quant it,l Conditions 

Land-Use Categori 
Residential Single-Family Detached, Low Density # Residents #Acres #Units 

Medi um Density Tenants #Acres #Units 
High Density Tenants #Acres #Units 

Single-Family Attached Tenants #Acres #Units 
Multi-Family Low-Rise Tenants #Acres #Units 
Multi-Family High-Rise Tenants #Acres #Units 
Mobil Homes Tenants #Acres #Units 

Commercial Retail: Small #Employees+ #Sq. Ft. 
Large #Employees+ #Sq. Ft. 
Regional #Employees+ #Sq. Ft. 

Restaurants +#Patrons #Sq. Ft. Seats 
Wholesale +#Patrons #Sq. Ft. 
Office Low-Rise # Employees #Sq. Ft. 

1--1 High-Rise # Employees #Sq. Ft. 
1--1 

I Auditoria and Agena +#Patrons #Sq. Ft. Seats 
O'I Hotels/Motels Low-Rise +#Guests #Sq. Ft. #Rooms 
-i:::,. 

·1 
High-Rise +#Guests #Sq. Ft. #Beds 

:j Const itut i ona 1 Hospitals +#Patients #Sq. Ft. 
:~ 

1 
Schools +#Students #Sq. Ft. 
Religous/Social +#Members #Sq. Ft. 
Cultural/Musems +#Patrons #Sq. Ft. 

, .. 
l Transportation /Circulation #Miles #Spaces i 

Roads Rights-at-way #Acres #Spaces 
t<i 

Parking #Sq. Ft. 
·,1 Terminals # Employees #Miles l 

i 
·~1 Utilities Rights-of-way Cl 
r:1 · 

Service Stations (lift # Employees #Aq. Ft. 'i 

~ 
stations, treatment plants) 

Open Space Land/Water Preserves #Acres 
Parks #Acres 

~ SQecial Uses Industrial # Employees #Sq. Ft. 
Agricultural # Employees #Acres 
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industrial facilities and for outlying indJstries. The 
variance between columns illustrates two fJctors: higher 
downtown land densities and older industrial development 
patterns vs. newer lower-density patterns. The values 
given should be regarded as a range of possible values 
that can be modified to reflect specific applications. 

(b) Other Land Uses for Zone Level Analysis. 
For purposes of the conceptual stage of this report, the 
industrial sector has been analyzed. Other land uses 
for which zone level analysis will be detailed include 
various densities of housing, office and commercial 
uses, medical facilities, public facilities, educational 
complexes, and recreational uses. For each use a conver­
sion table will be developed in order to permit data to 
be compared in a uniform manner. The preceding discus­
sion of industrial uses indicates the manner in which 
other land uses will be treated. This analysis will 
be completed as data collection proceeds during the 
succeeding work area. 

(5) Parcel Level of Analysis. A parcel involves 
only a single building with a single, or homogenous use, 
and represents the most detailed level of analysis being 
undertaken in this characterization of the physical 
community. Data at the parcel level may be estimated, 
or is available by survey. 

Because parcels are individual units, such as 
a single-family detached dwelling, a shop, store, school, 
or hospital, data from surveys is already available 
for various sectors. U.S. census data for example, is 
based on dwelling unit, and therefore provides residential 
sector data at the parcel level. 

In order to operate at the parcel le1el, a planner 
may either estimate land use quantities based Jn avail-
able data, or undertake field inspections and surveys 
to obtain precise data. Of all levels of analysis, the 
parcel level is the only one that permits the use of 
detailed site-specific data. 

The evaluation of the energy needs of all land 
use requires the preparation of data at the parcel level, 
since parcel level data can be converted directly to 
energy end use modes. Parcel level data can be estimated 
using procedures outlined for other levels of analysis. 

Table 14 illustrates land use conversion 
measurements which allow the user to compare 
land-us~ data using uniform data measurements. 
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Table 14 will provide conversion factors for 
use in the following ways: 

• To convert bulk land use to parcel level 
analysis- i~ number of acres of housing 
t-o total units to population size, etc. 

• To convert land use to building area- i.e., 
total acres of commercial area to total 
square feet of commercial buildTng !Q break­
down by type of shop. 

, To convert activity measures to building 
area- i.e., total number of hotel rooms 
fosouare feet of hotel building or total 
r,umbers of students to number of classrooms 
to total building area. 

• To estimate volume of building area for city 
size- i.e., approximate number of hospital 
beds or fire or policy facilities to size 
of facilities. ~ 

d. Summary. The physical characterization is intended to 
provide a community data base, in the proper format to facilitate 
energy analysis. The procedure for translating the physical char­
acterization into energy use measures is described later in the 
interim report. The key output of the physical characterization 
is a tabulation of land uses at the parcel level in sufficient 
detail to meet energy analysis requirements. 

Since planners are not generally expected to have com­
plete parcel-level land-use data available, and since gathering 
the data at t·hat detail may be precluded by time and cost con­
straints in average communities, the method of estimating land 
uses is provided in the physical characterization step. This 
estimating method permits the planner to work at a variety of 
levels of analysis, incorporating available data where appropri­
ate and arriving at an acceptable approximation parcel-level land 
uses for the subject city. 

In addition, the physical characterization can be used 
to reflect changes in the behavioral aspects of a community, and 
to perm i t energy a n a 1 y s i s of those c hang es . Thi ~; i s des c r i bed i n 
the following section. 
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3. Behavioral Characterization 

The physical characterization that was outlinec in the pre­
vious section permits very detailed specification of the charac 
teristics of a community; the only limitations to full and compre­
hensive description seem to be the lack of data, or the costs of 
accumulating data. In that case, less detailed procedures will 
be used, but the problems will still be in terms of data accumu­
lation, and not conceptual difficulties. 

In the case of behavioral characterization, data auality 
and availability is also a problem. But a more fundamental 
problem exists as well, namely, the limits on conceptual 
thinking that are required for the analyst or planner to 
utilize the behavioral characterization procedure. In other 
words, since the intent of the behavioral characterization 
is to establish a generalized framework into which the 
numerous and complex relationship between physical and 
behavioral factors are arranged, less precision will be 
possible in specifying behavioral characteristics than can 
be achieved in specifying the physical ones. 

The components of the common framework are described in 
the following sections, in a general manner. As will be 
seen, it is also possible, and useful for purposes of this 
analysis, to divide the community into six major land use 
categories. More detailed background information on each of 
the six categories is presented in Appendix E; this information 
may be used in carrying out a specific application of the 
methodology and is useful for orientation to the entire 
process of behavioral characterization. The Summary to this 
section will provide tables that provide the overall framework 
and key components that are required for use when the behavioral 
characterization is used in actual application. 

a. Class of Decisions. The primary structure in behavioral 
characterization is to divide the sets of decision-making pro­
cesses into two basic groups: the decisions to construct or to 
develop and the decisions to operate or to maintain. These types 
of decisions are sufficiently different to warrant separate 
attention; the differences do not lie so much in the energy end­
use aspect as in the fact that different types of de:isions, diff­
erent participants, and different sectors are involv~d in the two 
sets. The distinction therefore becomes analyticall.:1 useful for 
fulfilling all the purposes of behavioral characteri!ation listed 
above. 
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b. Sectors and Participants. There are a variety of 
participants in the piocesses of development and operation, 
as indicated in the summary tables. As will be discussed in 
following sections, the most important participant from the per­
spective of this project is the community planner involved in 
public decision- or policy-making. Before isolating on that key 
participant, it is first necessary to array and link all other 
participants, and to understand how decisions from each perspec­
tive ·are made. 

It is convenient to separate decisions, therefore, 
into four sectors: 

(1) Government sector: The decisions made by 
public officials are important as a group for 
three reasons -- the most obvious of which is 
that this is the arena in which community 
planners operate. It is also an important set 
of decisions because of the widespread impacts 
of public policies, regulations, and decisions 
in all other sectors, and because of the same 
reason, in part, that utility decisions are 
isolated -- that capital improvement decisions 
affect the pace and direction of development, 
and therefore have considerable energy end-use 
implications. 

(2) Business (market) sector: The decision to 
invest, to locate, to operate facilities or 
to provide goods and services have implications 
for community development and operation. The 
decision to develop is especially important 
f o r d eve l o p e r s , b u i l d e r s , t h e de s i g n p r o f e s s i o n s· , 
and financial institutions. The decision to 
operate, on the other hand, is important in 
manufacturing processes, ~swell as in business 
operations in general. 

(3) Utility sector: Normally, such decisions would 
not be separated from business decisions in 
general, but because of the particular focus of 
this project -- namely to orient to energy end­
uses, and because of the impact of utility deci­
sions in providing services to undeveloped fringe 
areas and the resulting impacts on the direction 
and pace of growth, separate consideration of 
this set of decisions was warranted. 

(4) Household sector: The ful) range of consumer 
decisions are of course fundamental to the 
determination of both physical and institutional 
factors of community development and operation. 
Whether expressed as to decisions to buy, to 
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locate, to maintain, or to consume, 1here are 
strong impacts that can be traced to physical 
expressions of the community, which in turn 
create energy demands. 

c. Factors or Determinants. In addition to identifying 
and sorting out participants, sectors, and types of decisions, 
there are various factors that impinge upon the decision-making 
process. Such factors influence or constrain the nature of those 
decisions, and therefore have an indirect impact on physical char­
acteristics and further upon energy end-uses. The types of deter­
minants or factors that might be found are generically stated in 
Table 15. 

d. Prototypical Sequence of Events. Once all the components 
of the behavioral pattern or decision-making process have been 
defined, it is possible to array those components in prototypical 
sequences, which display the series of events that occur in the 
development and operation of specific types of land used, account­
ing for both structures and activities. This sequence can then 
be seen as a way of displaying the variety of participants, types 
of decisions, and determinants in a consistent manner. Once this 
entire process is understood -- and expressed as a sequence of 
events -- it will allow display of the behavioral interrelation­
ships, the relationships between behavioral and physical char­
acteristics, and how those relationships will be altered by 
energy conservation measures or by comprehensive community plan­
ning for energy purposes. The sequence of events has been de­
veloped for only decisions to develop; decisions to operate and 
maintain are on-going and not amenable to description in a 
sequential manner. 

Because of the variety of factors, motivations, and 
determinants that operate in a different manner in pJblic and 
private sector decision-making, it is useful to deri,e two pro­
totypical sequences of events; these sequences are presented in 
Tables 16 and 17. 

e. Summary. The components of the behavioral or deci-
sion-making processes are summarized on the followinq sets of 
tables. This information refers to material presented in the 
Appendix E as well as in this section. The information 
is intended to both summarize the description of behavioral 
characterization and to allow a means of identifying further 
information for actual applications. The first set of tables 
(Tables 18-29), refers to development decisions; the criteria or 
determinants of development decision-making is found in the 
following tables, referenced in the main table. Each table is 
subdivided into the major land use categories that are used in 
this project, and which are the subject of further background 
information in the Appendix E. The second set of tables 
(Tables 30-35), refers to operations decision-making, and like­
wise includes a general reference table, followed by a series 
of tables with factors or determinants of operational decisions. 
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TABLE 15. GENERIC FACTORS OR DETERMINANTS OF 
DECISION-MAKING/BEHAVIORAL CHARACTERIZATION 

• Natural Hazards (e.g., storms, earthquakes) 

• Physical Geography and Geology 
• Existing Land Uses, Values and Ownerships 
• Infrastructure Investments (e.g., transportation, 

sewers, utilities) 
• Economic Feasibility (i.e., makretability, 

profitability) 
• Fiscal Feasibility (government cost-revenue 

balance) 
• Development Regulations (e.g., zoning, environmental 

regulations) 
• Legal Constraints (e.g., taking i-sue, state/local 

jurisdictional problems) 
• Political Constraints (e.g., intergovernmental 

relations, growth concerns) 
• Size of Population/Economy and Growth Rate 
• Labor Force Characteristics 
• Socioeconomic Characteristics 
• Transportation Characteristics 

• Consumer Preferences 
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TABLE 16. PROTOTYPICAL PUBLIC-SECTOR DEVELOPMENT SEQUENCE 

1. Forecast population, housing, employment transportation, and 
other long-term trends 

2. Allocate population, housing, and employment changes to 
sub-areas, such that location of increased demands can be 
isolated 

3. Inventory present levels of service and facilities, so that 
existing capacity can be determined and so that upgraded or 
replaced facilities can be supplied as well as anticipated 
additional facilities. 

4. Determine need/demand that must be met 

5. Develop service and facility standards to conform to anti­
cipated needs 

6. Identify particular projects in specific locations, with 
schedule of when demands will occur 

7. Derive projection of costs of projects 

8. Develop short- and long-term projections of availability 
of funding from variety of sources: tax revenues, other 
revenues, bonded indebtedness, user assessments, inter­
governmental grants and loans, etc. 

9. Compare demands for facilities and services against avail­
ability to provide facilities from public revenues 

10. Submit plan for review by cognizant departments or appropriate 
local, state, Federal agencies; submit plan to executive for 
review with budget 

11. Submit plan for approval to legislative authority (city 
council, with possible intermediate reviews by planning 

commission) 

12. Authorize plan and budget by legislature 

13. Develop detailed work plan and design specifications 

14. Hold public hearings and conduct administrative review 

15. Advertise and let bids; negotiate contract 

16. Undertake construction 
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TABLE 17. PROTOTYPICAL PRIVATE-SECTOR DEVELOPMENT SEQUENCE 

1. Select a metropolitan area, reflecting market characteristics 
from a regional perspective 

2. Select a specific community, based on the assessment of 
government services, market socioeconomic characteristics, 
zoning, utility availability, land write-down potential 

3. Select a specific site based on site amenities: reputation, 
ambience, transportation available, and surrounding land 
uses 

4. Conduct a market study and analysis of financial feasibility 

5. Conduct an engineering study of the site, determining 
types and costs of services, identifying environmental 
problems, and site preparation costs 

6~ Acquire land by option or direct purchase 

7. Conduct site and unit design plans 

8. Seek local government approval; embark upon negociation. 
Attain approval 

9. Assess public services 

10. Confirm utility service and obtain sewer/water connections 

11. Arrange short-term financing and guarantee of long~term 
financing 

12. Undertake construction 

13. Begin marketing program 

14. Complete sales/leasing activity and occupy units 
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TABLE lS. DEVELOPMENT PROCESS , 

Role of Planner Table Which Details the 

- Land Use Factors/Determinants 
Categorx Sector/Particieants Direct Indirect in the Decision Process 

Residential Government: Planner 
~ Building Dept Zoning Tax Table 19 

Engineer Subdivi- incentives 
sion 

~ 
Public Works review 
Zoning Utility 
Assessor hookups 

Business: Developer Building Table 20 
Contractors codes 
Arc hi tee ts 
Legal 

.... Financial 
Household: Consumer Table 21 

Commercial Government: Zoning Tax Table 22 - see residential Building incentives 
Business: codes Land Table 23 

see residential Land write-down 
1111'! Industrial Government: Zoning Tax Table 24 

see residential Building incentives 
Business: codes Low-cost Table 25 

see residential city ser-
vices 

Land 
write-down 

!"'" 
r , Governmental Government: Advisory Table 26 
I 

executive branch Capital 
~ 

legislative body budgeting 
l . planner 

engineer 
public works ,.. treasurer 

! 
j r Transporta- Government: Advisory Table 26 

tion Federal /State 
'" DOT ! 

t Interstate 
Commerce 

~ Environmental 
J 

Agencies 
City/state 

,. engineers 
l Planners 

Zoning 
Attorneys 

,- Executive Branch 

r"" 
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TABLE 18. DEVELOPMENT PROCESS (CONTINUED) 

Utilities Government: Zoning Table 27 
State/Federal Environmental 

Power Commis- review 
sions 

Courts 
Planners 
Zoning 

Utilities Table 28· 
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TABLE 19. RESIDENTIAL DECISION-MAKING: GOVERNMENTAL CRITERIA ----
Corrmunity Level: 

Site/Project 
Speci_fic Level: 

Growth orientation, including managed growth and 
nongrowth 

Zoning and general plan 
Housinq type: Preferences - Single family 

Multifamily 
Planned unit development 

Zoning changes 
Type of housing, with implications for 

Income levels and 
School enrollment 

Environmental impacts 
Water pollution 
Damage to physical/bio processes 
Wildlife, vegetation 
Ai r po 11 u ti on 

Hazards 
Earthquake, erosion, landslide, 

fire 
Health and safety 

Transportation 
Public transit 
Existing roads/routes: Capacity 

Energy 
On-site (heating/cooling) 
Off-site (transportation to work, shopping) 

Sprawl 
Influence on growth: extent and direction 

Fiscal impact 
Delivery of services versus tax revenues 

Design features and facilities 
Architecture and natural land forms 
Day care, handicapped, bicycle paths 
Parking 
Ooen space 

Capacity of existing services/facilities 
Sewers - sanitary 
Sewers - storm 
Water supply 
Water treatment 
Police 
Fire 
Schools 
Solid waste treatment 
Hospitals 
Recreation 
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TABLE 20. RESIDENTIAL DECISION-MAKING BUSINESS CRITERIA 

Community Level·: Market Characteristics 

Growth trends 
Competition 
Housing demands 
Absorption rates by type 
Socioeconomic characteristics 

Local Government Characteristics 
Growth orientation, including 
managed and nongrowth 
Environmental controls 
Urban renewal land availability 
Review procedures 
Tax rates 
Quality and availability of public 
facilities/services 

Financial Characteristics 
Mortgage availability 
Interest rates 
Terms 
Cost of materials, land, labor 

Site Characteristics: Area Reputation 
Proximity to Transportation Networks 

To public transit 
To employment 
To shopping 

Sewer/Water Hoopups 
Health/Safety Hazards 
Site Preparation Costs 

(Generally, the developer weighs those factors which will 
affect the marketability of his product as well as his 
profit picture.) 
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TABLE 21. RESIDENTIAL DECISION-MAKING: HOUSEHOLD CRITERIA 

Price 

Location and attributes 
Proximity to employment 
Proximity to transportation 
Schools 
Shopping 
Churches 
Social relationships 
Recreational facilities 

Features of development 
Amenities in unit 
Parking 

Taxes/Homeowner fees 

Financing 
Down payment 
Interest rate 
Prepayment charges 
Term 
VA - FHA loan availability 

Energy/Utilities 
Avail abi 1 ity 
Type 
Cost 

Potential for appreciation 

Perception of neighborhood 
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TABLE 22. COMMERCIAL DECISION-MAKING GOVERNMENT CRITERIA 

Community Level: 

Site/Project Specific 
Level: 

Criteria: 

Growth orientation, including managed growth and 
non-growth 
Zoning and general plan 
Shopping center type: regional, community and 
neighborhood 

Zoning change 
Type of center or office, with implications for 
sales tax potential and property tax potential 

Environmental impacts 

Water pollution 
Damage to physical/bio processes 
Wildlife, vegetation 
Air pollution 

Hazards 
Earthquake, erosion, landslide, fire 
Health and safety 

Transportation 

Public transit 
Existing roads/routes: Capacity 

Energy 

On-site (heating/cooling) 
Off-site (trips generated to center or office) 

Sprawl 

Influence on growth: extent and direction 
Fiscal Impact 

Diversity of services versus tax revenues 
Design features and facilities 

Architecture and natural land forms 
Parking 
Open space, landscape, plazas 
Signs 
Setbacks 
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TABLE 22. COMMERCIAL DECISION-MAKING GOVERNMENT CRITERIA (CONT'D) 

Capacity of existing services/facilities 

Sewers - sanitary 
Sewers - storm 
Water supply 
Water treatment 
Police 
Fire 
Solid waste treatment 
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TABL~ 23. COMMERCIAL DECISION-MAKING BUSINESS CRITERIA 

Community Level: 

Site 
Characteristics: 

Market Characteristics 
Growth trends 
Absorption rates 
Lease rates 
Competition 
Community functional character (office) 
Socioeconomic characteristics 
Expenditure patterns (retail) 

Local Government Characteristics 
Growth orientation 
Environmental Controls 
Land write-down potential 
Tax structures 
Quality/availability of public 
facilities/services 

Financial Characteristics 

Mortgage availability 
Interest rates 
Terms 
Cost of materials, land, labor 

Prestige of Area 
Land Assemblage Potential 
Proximity and Access to Major Transportation 
Routes 

To residential concentrations 
To public transportation 

Visibility 
Sewer/Water Hookups 
Cost of Site Preparation 
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TABLE 24. COMMERCIAL OFFICE DECISION-MAKING GOVERNMENTAL 
CRITERIA ---------------- -----------

Community Level: 

Site/ Project 
Specific Level: 

CrHeria: 

Industrial Attitudes 
Zoning and General Plan 
Industrial Type: light, moderate, heavy 

Zoning Change 
Type of Industry 

Impact on adjacent land use 
- Manufacturing operations 

Type-of-Structure 
Property tax potential 
Employment potential 

Environmental Impacts 
Water pollution 

- Damage to physical/bio processes 
- Air pollution 

Noise pollution 
Hazards 

- Earthquake, erosion, landslide, fire 
Health and safety 

Transportation 
Public transit 
Existing roads/routes: Capacity 
Railroad capacity 

- Airport capacity 
Energy 

- On-site (heating/cooling) 
- Off-site (transportation to work) 

Fi sea 1 Impact: Diversity of services ver!,us 
tax revenues 

Design Features and Facilities 
- Architecture 

Setbacks 
Parking 

- Open space, landscape, plazas 
Signs 

Capacity of Existing Service/Facil ity/Ut'ilities 
- Sewers - sanitary 

Sewers - storm 
- Water supply 

Water treatment 
Police 
Fire 
Solid waste treatment 
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TABLE 25. INDUSTRIAL DECISION-MAKING: INDUSTRIAL CRITERIA 

Market Factors 
Demand for Good's Provided 
Transportation For Good's Produced 
Distribution of Good's Produced 

Raw Materials 
Materials 
Water 
Transportation 

Factors of Production (importance will vary by 
Industry type) 

Transportation 

mode (rail, waterway, truck) 
cost 
reliability of service 

Manpower 

available skilled/unskilled 
wages 
productivity 

Energy 

fuel type (coal, oil, natural gas, electricity: 
purchased or generated) 

costs/indu~trial rates 
reliability (long tenn contracts/guarantees) 

Allied industries 

proximity to adjunct/complementary industries 

Location & Land Attributes 

Topography 
Soil, geological structure 
Vegetation 
Size, shape (room to expand) 
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TABLE 25. INDUSTRIAL DECISION-MAKING: INpUSTRIAL CRITERIA (C1)NTINUED) 

Proximity to: 

manpower 
transportation 
services (city) 

Costs 

support services (business/commercial) 

Land cost 
Construction costs 
Labor costs (construction and operation) 
Finance costs 

interim 
long term 

Taxes and fees 

assessment 
rates 

Compliance Costs 

number of reviews/permits 
duration of reviews 
legal costs 
opportunity costs 

General Government/Citizen Attitudes 

"business climate 11 

availability of local incentives 
environmental regulations 
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TABLE 26. GOVERNMENTAL DECISION-MAKING: GOVERNMENT CRITERIA 

Community Level: 

Site/Project 
Specific Level: 

Population Growth Rate 
Demographic Characteristics 
Economic Base, including type and level of 

employment; labor force characteristics 
Jurisdictional Arrangements and Local Authority 

(number, types, and responsibilities of 
municipal, school, and other units of 
local government) 

Financial conditions, including assessed value 
of property, tax structure, and level of 
bonded indebtness 

Politcal climate and local preferences 
Federal and state grants and loan programs 

Present comprehensive plan 
Zoning and building codes 
Capacity and existing facilities and services 
Area-specific service demands 
Environmental impacts 

water pollution 
Damanage to physical/bio processes 
Wildlife/vegetation 
Ai r po 11 u ti on 

Local traffic conditions, including parking 
and congestion 
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TABLE 27. TRANSPORTATION DECISION-MAKING 

TRANSPORTATION CRITERIA 

Inventory of present transportation facilities, including 
level of service 

Projection of future transportation demands 

Projection of future transportation facilities needed 

Present pattern of modal choice 

Present pattern of trips, both by length and purJose 

Costs of acquisition, construction, reloaction and 
_displacement 

Costs of maintenance and operation 

Availability of bonded indebtedness 

Availability for grants and loans for capital projects 
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TABLE 28. UTILITY DECISION-MAKING GOVERNMENTAL 
CRITERIA 

Federal/State Level: 

Local Level: 

Projected Population/Business Growth 
Direction/Location of Growth 
Current Energy Demands 
Projected Energy Demands and Needs 
Sources of Generating Fuel 

Zoning 
Environmental Impacts 

Water pollution 
Thermal pollution 
Damage to physical/bio processes 
Destruction of wetlands 
Air pollution 

Hazards 
Health and safety 
Earthquake, erosion, landslide 

Energy 
Type of energy generating fuel 
Potential for local energy supply 

Fiscal Impact 
Delivery of services vs. tax revenues 
Employment potential 

Capacity of Existing Services/Facilities 

Sewers - sanitary 
Water supply 
Water treatment 
Solid waste· treatment 
Police 
Fire 

II-86 



-

~ 
' ' ' 

~ 
l 
I . 

r 
I 

r 

r 

r 
} 

TABLE 29. UTILITY DECISION-MAKING: UTILITY CRITERIA 

Community/Regional Level: Environmental Factors 

Availability of land, water 
No major structural fault 
Adequate drainage, subterrain structure 
Wind patterns, noise 
Snowfall, rainfall, flooding 
Waste removal 
Transportation access 

(For nuclear plants) 
thermal pollution 
radiation standards 
population density 

Community/Regional Level: Economic Factors 

Rate structure 
Utility rating (ability to sell bonds and stocks) 
Cost of construction 
Cost of environmental control equipment 
Cost of borrowing 
Cost of delays in construction 
Distance from service area or market 

Community/Reg i ona 1 Level: Socio/Po 1 it i cal Factors 

Population trends 
Employment trends 
FPC, State Commission hearings 
Public hearings (to consider impact 01 

environment) 
Local zoning approval 
Decisions about rate increases 
Approval to sell bonds/stocks 

For nuclear facilities: requires approval 
from AEC 
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TABLE 29. UTILITY DECISION-MAKING: UTILITY CRITERIA (CONTINUED) 

Site/Project Specific Level: Cost Factors 

Capital costs and interest during 
construction 

Operation and maintenance costs 
T~xes, insurance, depreciation 
Interim equipment replacement 

Site/Project Specific Level: Environmental 
Considerations 

Compatiability with existing and planned 
adjacent land use 

Ability to return the site to its natural 
state at plant retirement 

Visual image 
Construction impact on physical and bio­

logical environment 
Multiple use of reject heat and facilities 
Multiple use of site property 

Site/Project Specific Level: Feasibility 

Technology available 
Existance of potential sites 
Community acceptance 
Plan cost-effective: 

Adequate rate structure 
Adequate financing sources 
Minimal application process 

Site/Project Specific Level: Risk 

Plant exposure 
Safety and damage 
Regulatory process makes proposed plant 

too costly 
Rejection of site or facility by environ­

mental groups blocking quick approval by 
Regulatory Commissions 
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TABLE 30. OPERATIONS PROCESS* 

Land Use Role of Planner Factors 
_Cati~_g_oI..Y__ _ Sector/Participant Direct Indirect Determinants 

- --
Res identia 1 Residential: -Housing Codes - Educational Table 31 

Household - Tax i ncen-
tives 

- Financing 
incentives 

ComP1erc i al Business: -Health/fire - Tax incen- Table 32 
Owners codes tives 
Tenants - Financing 

incentives 

Industrial Business: -Health/fire - Tax i ncen- Table 33 
Owners codes tives 
Tenants 

Gov(·rnment: Government: -Advisory Table 34 
All municipal -Capital 
departments and budgeting 
agencies 

Trar1sporta- Government: -Advisory Table 35 tion: Departments of 
transportation 

Public works 

Uti"l ities: Government: N/A 
State/Federal 
Power Commis-
sions 

Utilities 

~-

Utilities were not considered to be participants i1 operating 
decisions because their impact is indirect - throuJh cost of 
energy. 

II-89 



TABLE 31. RESIDENTIAL DECISION-MAKING 
HOUSEHOLD OPERATIONS CRITERIA 

Financial 
Costs of operating - maintaing of utilities 

Cost of rehabbing 
Cost of public transportation vs. 
Cost of private transportation - investment, 

insurance, fire 

Market Factors 
Change in home values in neighborhood 
Perceptions of activity and improvement in other 

homes 
Socioeconomic Turnover 

Personal Factors 
Time involved in maintenance 
Efficiency of appliances 
Convenience of private transportation 
Prestige of some transportation modes 
11 Conservation consciencE: 11 
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TABLE 32. COMMERCIAL DECISION-MAKING BUSINESS OPERATIONS 
CRITERIA ----~-------

Financial (profit) 

Cost of operating/maintaining of utilities 

Cost of rehabbing - plant and equipment 

Cost of maintaining inventory/supplies vs. 
more frequent reordering 

Cost of extending service/operating hours 
Cost of expanding staff 

Benefits 
Increased sales/profits 
Increased viability of office/retail center 
Improved market position - ability to attract 

tenants 
Potential for lease increases (for owner) 

M-arket Factors 

P e r c e p t i o n s o f v i a b i 1 i t y i n t he s u r r o u n d i n ~J 
area 

Perceptions of maintenance in neighborhood 

TABLE 33. INDUSTRIAL DECISION-MAKING INDUSTRIAL 
OPERATIONS CRITERIA 

Parameters 

Type of product manufactured 
Industrial process 

Governmental regulations 

Financial 

Cost of fuel and internal space control 
rehabbing (time, inconvenience, finan:ing) 
utilizing manpower vs. machinery 
maintaining an inventory of supplies 

Increased productivity/profit by upgrading 
Decreased costs of lowered temperatures 

lighting moderations 
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TABLE 34. GOVERNMENT DECISION-MAKING GOVERNMENT OPERATIONS 
CRITERIA 

Delivery of Services/Facilities 

Quality of services 
Convenience of services 
Satisfaction among recipients 
Smooth functioning of city 

Financial 
Costs of services: maintenance and staff 
Cost of construction of facilities 
Constraints of local revenues: 

Sales tax 
Property tax 
Grants 

Balance of municipal services vs. fiscal 
position of the city 

TABL~ 35. TRANSPORTATION DECISION-MAKING - TRANSPORTATION 
OPERATIONS 

Variables 

Level of traffic on various networks 
Condition of roads 
Prevailing wage schedules 

Relationship of road within entire network 
Costs of repair materials 
Climatic effects 
Use of public transportation 

Revenues 
Income of toll roads 

gasoline tax 
property tax 

Overall budget limitations for maintenance 
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4. Proced_ure. _forlu?__pl icatio_n 

The two major components of the community characteriza­
tion procedure have been described in the two previous sec­
tions. The methodology for applying or using the procedures 
is described in this section. The procedure is oriented to 
the planner and energy analyst, and consists of a set of 
sequential steps which the user must follow. 

a. Physical Characterization Procedure. The step-by-
step procedure used in developing and carrying out the 
physical characterization is illustrated in Figure 18. 
Each step is summarized as follows: 

• 

• 

• 

• 

Step One: Assess Community Context. The com­
munity context describes the socio-economic and 
institutional factors which condition and influ­
ence community patterns of development. As part 
of the procedure for application, the planner or 
analyst brings to bear considerable background 
information on the community itself. This step 
does not have any format set of procedures and is 
merely intended to ~erve as a means of beginning 
to define and specify further analytical steps. 
Table 36 lists typical elements that will be known 
to the planner or analyst in the community and 
that will be useful in structuring further steps. 

Step Two: Specify Level of Analysis. The planner 
or analyst will define whether the particular 
application or analysis relates to a metro~olitan 
level, a parcel or site level, or some comtina­
tion of intermediate levels. 

Step Three: Specify Level of Application. The 
user of the methodology must determine if the 
planners or analyst 1 s mode of application ;s 
appropriate for the analysis to be undertaken. 
This choice is conditioned by the availabi. ity of 
data, the provision of analysis required, and 
tye types of conclusions that would be required 
for decision-making. 

Step Four: Specify Land Uses and Activiti~s . 
The user of the methodology must also make a 
series of decisions as to whether all land uses 
and activities, or some, are to be the subject 
of investigation. These land use and activity 
sectors were defined in the previous sections. 
The type of analysis and extent of data wi 11, of 
course, vary with number and dimensions to the 
sectors of analysis. 
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Figure 18. Physical Characterization Procedure 
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TABLE 3.6.. COMMUNITY CONTEXT 

Demographic Factors 

population size, composition 
population age distribution 
racial, ethnic distribution 

Socioeconomic Factors 

income distribution 
education 
religion 
occupation 

Employment 

employment by reputation 
unemployment 
dependency ratio 

Employment Structure 

employment by sector 
wages 
industrial 
commercial 
retail 

I n ~; t i tu t i on a 1 Fa c to r s 

General type 
tlumber of departments, agencies 
Formal role of 

Financial Factors 

Banks, S&L's, capacity and policies 
Tax revenues 
Other revenues 
Budget balance/flexibility 

Associated Factors 

Labor union 
. Consumer group 
Political parties 
Environmental group 
Other acquired interests 

--- -------. ._____,. 
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• 

• 

• 

Step Five: Determine Data Availability. Based in 
part on the general knowledge of the community and 
the context of the analysis, the availability of 
data for the analysis will be determined. 

Step Six: Determine Data Needs. The first analy­
tical step in the procedure--once the preliminary 
decisions have been made to structure the analy­
sis--consists of deriving a specific set of require­
ments that are appropriate to the specifications 
of the analysis as defined by the previous steps. 
In this process, gaps and deficiencies in the data 
will be identified. Such gaps and deficiencies may 
be filled if required by the analysis. 

Step Seven: Inventory Present Land Uses and 
Activities. The essential step in the procedure 
is to prepare an inventory of land uses and ac­
tivities, according to the decisions and specifi­
cations stated in previous steps. The user of the 
methodology may directly enumerate these physical 
characteristics at the necessary level of analysis. 
However, in many communities this may prove to be 
an enormous if not impossible task. An ilternative 
approach would be to make use of the conversion 
tables presented in section 2 above, on Physical 
Characterization which will allow the users of the· 
methodology to develop reasonably precise and 
reliable estimates of the characteristics of land 
uses and activities. Such conversion factors pe~ 
mit the user to define the requisite information 
for analysis of energy demands from commonly known 
sources such as number of residential units, den­
sity, floor areas, community land areas, and othe 
information. Other approaches are also possible, 
and are summarized in a later section. Jt must be 
pointed out, however, that one key factor is the 
specification steps that lead up to the inventory; 
by means of those steps the requirements for data 
may be limited to make the task more manageable. 
The more detailed is the specification of land 
uses and activities, the more manageable this step 
will be. 

Step Eight: Enter Energy Analysis Procedure . 
Once the inventory of land uses and activities has 
been compiled according the stated specifications, 
the shift into analysis of energy demand~; is ap­
parent. Those steps are covered in a later section 
of this chapter. 
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b. Behavioral Characterization Procedure. The step-
by-step procedure that is used in developing and carrying 
out the behavioral characterization is illustrated in Figure 
19. Each step is summarized as follows; it should be noted 
that the end of the behavioral characterization procedure is 
the initiation of the physical characterization procedure, 
and that the two are linked: 

• 

• 

• 

• 

Step One: Specify Behavioral Change (Optional) . 
In order for the common framework to be oriented to 
a particular set of issues or concerns, it is 
necessary to define a particular behavioral 
change. Although it may be possible to present 
limited statements on the behavioral framework 
without a particular change, the types of state­
ments may be so generalized and non-specific that 
the exercise of behavioral characterization may 
prove either too unwieldly or too diffuse for 
analytical purposes. Therefore, the methodology 
usually begins with the specification of a be­
havioral change which the user seeks to trace 
through the system to determine its ultimate 
effect on energy end-uses and other community 
impacts. 

Step Two: Assess Community Context. In a man­
ner similar to physical characterization, the 
user of the methodology draws upon and refers to 
the general knowledge of the community to a 
considerable extent. The user takes account of 
local conditions that will certainly influence and 
determine the behavioral impacts of a specific 
change that is under investigation. 

Step Three: Select Mechanism(s) Involved. Based 
on the specification of the behavioral changes and 
drawing upon the knowledge of the communit~, con­
text, the user of the methodology determi n(~S which 
part i cu 1 a r tool or me ch an i s m av a i 1 ab 1 e to ·:he p 1 an -
ner for public decision-makers. A preliminary list 
of such mechanisms is provided in Table 37. 

Step Four: Identify Type of Decision. The speci­
fied change will affect either development deci­
sions, operational decisions, or both. Since much 
of the structure of the common analytical framework 
depends on distinguishing among these types of de­
cisions, the user of the methodology must specify 
which set is relevant. 
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TABL~ 37. BEHAVIORAL MECHANISMS (USED BY PLANNER/ 
PUBLIC OFFICIAL TO INFLUENCE COMMUNITY 
DEVELOPMENT AND OPERATION) 

Regulatory Powers 

Zoning 

Permits 
Traffic Regulations 

2. Review and Approval 
Subdivision Review 
Environmental Review 
Design Review 

3 . 

4. 

5 . 

Official Historic/Preservation/Coastal Zant~ 

Fiscal and Economic 
Capital Improvements Program Budget 
Annual Operations Budget 
Tax Structure - Property 

Interest 
Tax Assessments 
Tax Rates 
User Assessments 
Fees and Other Revenues 

Eminent Domain 

Subsidies and Grants 
Bonds 
Pond Amortization 
Loan Guarantees 

P 1 a nlli.!!_g_ 

Master Plan 
Facility Siting and Design Planning 

(Capital Improvements) 

6. Information/Education 
Demonstration 
Education 
General Persuasion 
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, Step Five: Identify Sectors and Participants. 
The nature of the behavioral changes and the type 
of decision affected will allow the user to iden­
tify which sectors, participants, and land use/ 
activity categories are involved. The background 
material in general, and the summary tables 
(Tables 18 and 30 in Section 3 above) should prove 
useful guides to specifying these aspects of the 
analysis. 

• Step Six: Assess Behavioral Impacts. Informa­
tion gathered and specification made by the user 
in the five previous steps of the procedure all 
assist in determining the behavioral impacts of 
the specified change. This assessment of impacts 
involves two closely related activities, and the 
result of these activities is to define both 
physical changes--which can be further analyzed 
through the physical characterization procedure 
and ultimately translated into changes in energy 
demands--and changes or implications that occur 
within the behavioral dimension itself. This 
latter set of changes will allow judgements as to 
the implementability of the proposed change under 
investigation. 

The first activity within the impact assessment 
requires the user to consider the behavioral 
change from a wide variety of perspectives, and 
to speculate on the types of changes that would 
result from such a change. This is a difficult 
task and does not lend itself to precise struc­
turing and rigorous analysis. It would require, 
for example, the user to think through the change 
from the perspective of the local government 
official, the developer, and the consumer, noting 
where changes in both behavioral and physical fac­
tors would occur. The background information 
presented in Appendix Eis intended to provide 
some of the types of considerations that must be 
made. More directly related are the lists of 
factors or criteria presented in the Summary to 
Section 3, (Tables 18 and 30). In many instances, 
elements of a market analysis will have to be per­
formed, so that implications of the proposed change 
in the behavioral patterns can be traced through 
development and operational decision processes. 
A prototypical market study that can be applied to 
a wide variety of land uses and activities is 
presented in Figure 20, to assist the analyst in 
capturing the thought process that is required for 
further analysis·. 
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The second activity is more rigorous and lends 
itself to more precise analytical procedures. 
Once the user of the methodology is determined 
the types of changes that can occur, those 
changes are explicitly and systematically 
recorded in a series of checklists, in which an 
array of possible impacts are considered and which 
can capture those instances in which impacts may 
be associated with the specific behavioral change. 

At this point, two sets of tables or worksheets 
will be utilized. The planners or energy analysts 
will identify--using their own subjective judgement, 
which in turn is rooted in community content­
specific information, the impacts of the proposed 
change. The first table (Table 38) captures behav­
ioral impacts; this table must be used fir?t, 
since the second set of tables (Tables _39-44) is 
dependent in part upon information in the first 
table. The table is used in the following manner: 

• The user scans the preliminary list for 
behavioral changes that will correspond to 
the change. Because of community-specific 
characteristics, the user can quickly 
eliminate those which are not relevant, and 
may even add additional factors that are 
suggested by his knowledge of local condi­
tions. 

• The next step is to indicate whether or not 
a particular impact is relevant, and if so, 
indicate by a positive answer. As stated, 
in making such judgements, the user will 
have to adopt various perspectives. 

The second set of tables is much more detailed, and 
is the means of capturing direct physical changes 
that result from the behavioral change, being 
analyzed, as well as physical changes which 
result from behavioral changes which result from 
the particular behavioral change being analyzed. 
These "second order" behavioral changes should be 
apparent from the positive responses in the 
behavioral table; this means that each such posi­
tive answer in the behavioral table should be 
analyzed in the physical tables to determine how 
other physical changes may indirectly result from 
behavioral changes). 
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TABLE 38. BEHAVIORAL IMPACTS: SOCIOECONOMIC AND 
INSTITUTIONAL WORKSHEET 

~ct Type 

Demographic 

Population growth 
Population composition 

by age group 
by sex 
by family type 
by race/ethnicity 

Economi_f_ 
Housing Supply/Cost 
Employment - permanent 
Employment - temporary 
Dependency ratios 
Land values 
Sector value added 

retail 
commercial 
industrial 
service 

Wages 
Occupational Structure 

white collar 
sales/service 
blue collar 

Institutional (Community Government) 

Revenues 
tax assessment 
fees 

Service Costs 
water, sewer, storm sewer 
transportation 
police, fire, health 

Impact 

schools, health care, mental health, 
health, corrections 

Socio.£91 itical 

Community stab1itty 
Business climate 
Socioeconomic status 
Equal opportunity 
Political realignment 
Travel times/frequency of trips 
Congestion 
Health and welfare 
Public safety 
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TABLE 38. BEHAVIORAL IMPACTS: SOCIOECONOMIC AND 
INSTITUTIONAL WORKSHEET (CONTINUED) 

Environmental 
Air quality 
Water quality 
Unique features 
Land degredation 
Visual attractiveness 
Noise levels 
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TABLE 39. PHYSICAL IMPACTS: RESIDENTIAL WORKSHEET 
-- -

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Impact Type 

D~velopment 

Increase/decrease number of acres 

Increase/decrease number of 
dwelling units 

Increase/decrease rate of dwelling 
units 

Other mix of dwelling units 

Other site design 

Increase density 

Other amenities 

Other site improvements 
Utilities 
Sewer water 
Transportation 

Other trip generation factors 

Qperation 

1. Other systems use 

2. 

3. 

Other appliance use 

Remodel or rehabilitation 

4. Deteriorate (non-maintenance) 

5. Maintain (structure/systems) 

6. Other trip generation factors 

7. Retrofit systems 

_ I~n~t Direction -- Magnitude _ 
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TABLE 40. PHYSICAL IMPACTS: COMMERCIAL WORKSHEET 

Development 

0. Cease 
1. Increase/decrease number of acres 
2. Increase/decrease square footage 

of building area 
3. Increase/decrease site coverage 

(floor area ratio) 
4. Increase/decrease building height 
5. Increase/decrease pace of 

construction 
6. Alter site design (layout) 
7. Alter amenities (landscaping, 

buffering, graphics, etc.) 
8. Alter mix of tenants 
9. Alter building design 
10. Alter building materials 
11. Increase/decrease number of 

parking spaces 
12. Increase/decrease number of stores, 

shops 
13. Alter site improvements 

Utilities (gas/electric) 
Water/sewer 
Drainage system 
Internal circulation 
External (off-site) road 
improvements 

14. Increase/decrease size (sq ft) of 
parking spaces 

15. Retrofit 

Operation 

1. Alter mix of tenants 
2. Alter size of tenant spaces 
3. Change from one source of fuel 

to another 
4. Remade 1 or reha bil ita te 
5. Maintain/not maintain systems 
6. Enclose open plazas or malls 
7. Meter individual tenants/do not 

meter 
8. Change hours of business 

Impact 
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TABLE 41. PHYSICAL IMPACTS: GOVERNMENT WORKSHEET 

Development 

Cl. Cease 
1. Increase/decrease acreage devoted 

to public facilities 
2. Increase/decrease square footage 

of public office space 
3. Accelerate/slow down pace of 

facility construction 
4. Increase/decrease floor area ratio 

(coverage) 
5. Change site design (layout) 
6. Increase/decrease building height 
7. Alter mix of services to be offered 
8. Alter amenities 
9. Alter building design (layout) 
10. Alter building materials 
11. Increase/decrease number of 

parking spaces 
12. Increase/decrease size of parking 

spaces· 
13. Retrofit 
14. Provide/do not provide new facili­

ties in growth areas 
15. Extent/do not extend water and 

sewer lines to growth areas 
16. Provide/do not provide incentives 

for inner city revitalization or 
redevelopment 

17. Size facilities to serve present 
needs only/size in anticipation 
of future demand 

Operations 

1. Purchase smaller public vehicles 
2. Change size of vehicle fleet 

Impact 

3. Maintain/do not maintain vehicle.fleet 
4. Switch to alternate heating/cooling 

fuel source 
5. Remodel/rehabilitation facilities 
6. Increase/decrease hours of operation 

(e.g., 1 ibrary) 
7. Change from seasonal to year round 

operation·s (e.g., schools) 
8. Offer more services/reduce services 
9. Change frequency of service delivery 

( e. g . , ma il de 1 iv er y , trash co 11 ec ti on) 
10. Maintain/do not maintain utility lines 
11. Increase/reduce service standards (e.g., 

require tertiary sewage treatment) 
12. Adopt new technologies 
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TABLE 4~. PHYSICAL IMPACTS. 

Development 

0. Cease 
l. Increase/decrease number of acres 
2. Increase/decrease square footage 

of building area 
3. Increase/decrease floor area 

ratio 
4. Increase/decrease building height 
5. Increase/decrease pace of 

construction 
6. Alter site design (layout) 
7. Alter amenities 
8. Alter building design 
9. Alter building materials 
10. Increase/decrease number of 

park i ng spaces 
11. Increase/decrease size of parking 

spaces 
12. Alter site improvements 

Utilities (qas/electric) 
Water/sewer 
Drainage system 
Internal circulation 
External (off-site) road 

improvements 
Rail access 

13. Retrofit 

Operation 

1. Alter type of manufacturing 
process 

2. Tncrease/reduce labor intensive­
ness 

3. Increase/reduce water use 
4. Change from one source of fuel 

to another 
5. Increase/reduce number of 

production work shifts 
6. Install new technologically 

advanced equipment 
7. Maintain/not maintain production 

machinery 
8. Maintain/not maintain mechanical 

and electrical systems 

INDUSTRIAL WORKSHEET 

Impact Direction 
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~ABLE 43. PHYSICAL IMPACTS: UTILITIES WORKSHEET 

Development_ 

n. Cease 
1. Build new generating capacity 
2. Increase/do not increase capacity 

of transmission lines 
3. Increase/do not increase storage 

capacity 
4. Extend/do not extend service lines 
5. Provide/do not provide further 

connections (hookups) 
6. Increase/decrease number of acres 

in r.o.w, storage, generating 
stations 

7. Convert to new power generating 
sources 

8. Increase/decrease pace of explora­
tion, source development 

9. Alter design of new generating 
facilities 

10. Require new safety precautions 
11. Require new environmental 

protection devices 

Operii _t_i ons 

1. 

2. 
3. 
4. 

5. 

6. 
7. 

8. 

Maintain/do not maintain lines and 
and fac i 1 iti es 
Remodel/rehabilitate 
Ooerate below design capacity 
Ooerate at excess of design 
capacity (overload) 
Curtail peak period service to 
certain customers 
Shift fuel supplies 
Store at capacity/do not store 
at capacity 
Allocate power for primary users 

Impact 
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TABLE 44. PHYSICAL IMPACTS: TRANSPORTATION 
WORKSHEET 

Development 

0. Cease 
1. Reduce/increase road lengths 
2. Reduce/increase road widths 

(change in lane miles) 
3. Alter road construction materials 
4. Alter road design standards 
5. Select alternate locations or 

routes 
6. Speed up/slow down pace of road 

improvements 
7. Install/do not install street 

lighting 
8. Install/do not install curbing and 

and sidewalks 
9. Limit/do not limit access points 

(curb cuts) 
10. Install/do not install traffic 

signals, signs, turn lanes 
11. Install/do not install bicycle 

naths 
12. Designate/do not designate 

bicycle paths 
13. Designate/do not designate 

bicycle routes on existing 
streets 

14. Build/do not build fixed rail 
rapid transit lines 

15. Acquire/do not acquire additional 
buses or rail cars 

16. Increase number and length of 
airport runways 

17. Expand terminal facilities 
18. Develop new shipping ports, 

expand existing ports 

Operation 

l. Change speed limit 
2. Maintain/do not maintain road 

surface in an adequate manner 
3. Limit road usage by tr~cks and 

trailers 
4. Formulate/do not formulate new 

mass transit routes 
5. Change scheduling 1and frequency 

along existing transit routes 

Impact Direction 
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6. 

7. 

8. 

TABLE 44. PHYSICAL IMPACTS: TRANSPORTATION WORKSHEET 
~--~--~~~~~(C_ONTINUED) 

Remodel transportation terminal 
f ac i 1 it i es (air, ra i 1 , bus, port) 
Encourage/discourage location of 
new or expanded terminal facilities 
and yards 
Maintain/do not maintain condition 
of existing equipment, lines, tracks, 
terminals, etc . 
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Step Seven: Determine Direction of Change. Two 
further elaborations of step six are required. 

Upon identification of the presence or absence 
of an impact related to a specified change the 
user must make a determination as to the direc­
tion of the change on each factor scored with a 
"yes'' notation. The precise meaning of "direc­
tion" is factor determined. For a change in 
w a g e s , d i re c t i o n re f e r s to " h i g h e r II o r " 1 owe r . 11 

For a ch an g e i n a factor such as 11 s i z e of tenant 
spaces," direction refers to "more" or "less." 
In all cases the user will make an assessment of 
direction in terms appropriate to the character­
istic under consideration. Such determinations 
wi 11 be made for each "yes II i tern and noted in 
the column provided on the work sheets. 

Step Eight: Determine Magnitude o.f Chan~. To 
this point in the analysis the user's activity is 
directed to narrowing choices and making deter­
minations based upon his or her own expertise, 
knowledge of the community and upon the lists pro­
vided in the above tables. Each stage in the 
analysis supposes a greater degree of specificity 
and less and less reliance upon subjective judge­
ments. In order to link behavioral characteris­
tics of a community, and ultimately to link com­
munity characteristics to energy consumption para­
meters, the planner must attach quantitative mea­
sures to the impacts. This process requires that 
the user address each previously identified impact 
from a quantitative perspective. The measure 
involved will vary from factor to factor. For a 
change in wages (to continue the example from 7 
above) the user will have to translate direction 
into dollar values. for "size of tenant spaces," 
the user will have to express the change in square 
feet. For particularly difficult factors, the user 
may have to specify a range of possible values. 

Step Nine: Summarize Behavioral Impacts. User 
decision in steps 7 and 8 yield a summary chart 
of impacts which identifies those factors which 
are affected by the specified change, the direc­
tion of the change in those factors and a quanti­
tative measure of the magnitude of the impacts 
associated with change being analyzed. 
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• Step Ten: Enter Physical Characterization ~rocedure . 
As indicated, the quantified changes identified in 
step 8 are inputs to the physical characterization 
procedure. In effect, this will consist of a set of 
impacts with specific values that can be related 
directly to the community physical characteristics, 
so that the specified change is translated into its 
land use effects. 

Summary 

The community characterization procedure that has been 
outlined--and consisting of both physical and behavioral 
characterization with a set of procedures for using the 
characterizations--will function at the analyst level. The 
fundamental requirement is fairly extensive data requirements 
and sufficient resources available for such data collection 
and analysis. The methodology will also be applied at the 
planners level, but, of course, with much less precision; it 
may be adequate, however, for purposes of evaluation and 
decision-making, and therefore is of considerable use. 

a. Data Requirements. The data requirements for the 
community characterization procedure will vary considerably 
with the types of applications, the types of use, and the level 
of analysis. There are several approaches that may be taken for 
accumulating data, which are suggested as various ways to 
compile the extensive data needs of the methodology. These 
approaches would include: 

• 

• 

• 

• 

Direct measurement in which all variations are the 
subject of empirical investigation and extensive 
detailed data are accumulated. (This may be the 
case with the analyst's mode of operation). 

Direct measurement within a well-conceived sample 
that would be representative of the range of types 
of data that might be considered. 

Investigation of a number of values, in sequential 
order, so that the desired information may be 
zeroed in on. 

Investigation of the boundary conditions, such that 
the total range of variation i·s known and identified, 
with the actual cases lying somewhere within the 
boundaries. 
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Regardless of the approach used, there are also differences in 
the types of information needed for the Physical and Behavioral 
Characterizations. For the physical dimensions of the community, 
common sources would include land use inventories, master plans, 
zoning maps subdivision plats, or other maps, and census data 
and other economic data for levels of activities. The sources 
and uses of data are fairly rigorous and straight-forward, in 
this case. 

On the other hand, the behavioral characterization does 
not have such precise and rigorous requirements, and depends 
on certain qualities among the users of the methodology; such 
qualities would include the following: 

• Knowledge of the community context (as discussed) 

o Carefully thought-out subjective judgements 

o Willingness to speculate rather freely on the 
impacts or results from rather uncertain and 
perhaps; ill-defined changes; such speculation 
will not only have to determine the resistance 
or absence of change, but must be further trans­
lated into both direction and magnitude of change 

t Ability to perceive changes from a variety of 
perspectives 

If these qualities are present, then the user may, in fact, 
do what was intended for the behavioral characterization-­
namP.ly to sort out the varied relationships that exist among 
beh<lvioral factors, and the roles that behavioral factors 
play in determining the varieties of urban forms, physical 
aspects, and levels of activity in community development and 
operation. 
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D. Energy Analysis Procedure 

1. Overview 

In this section, a detailed conceptual description of 
the Energy Analysis Procedure (EAP) is presented. This 
procedure will be used, either at a detailed or a general 
level, to assess energy impact of planning alternatives. 

The foundation of the energy analysis capability of 
this methodology lies in the detailed, or energy analysis 
version, of the EAP. The simplified, or planner's version, 
of the EAP is based heavily on the theory and structure of 
the detailed EAP. The organization of this chapter reflects 
this emphasis. Part l presents an overview of the EAP and 
its components. Part 2 presents a discussion of how the 
unit demand profiles will be generated for each EUM in the 
community, including a description of the various sub-models 
which are used in the EAP to generate yearly profiles for 
each EUM. Part 3 describes the theory behind the procedure 
for amplifying unit EUM profiles to reflect a profile for 
all occurrences of each EUM in the community. Part 4 
describes how the amplified EUM profiles may be aggregated 
over energy forms, or any other variables of interest. Part 
5 discusses the manner in which energy supplies are allocated 
among the demands, and how the primary energy requirements 
are calculated. These five parts complete the conceptual 
description of the EAP. 

In Part 6 of this section, attention is turned to the EAP 
as it would operate at the planner level. Since this is a 
much simpler theoretical procedure, it is treated corrpletely 
in one Part. Part 7 provides a summary of the conce~tual 
discussion of the EAP. 

In the preceding section on Community Characterization, 
it was stated that the object of the Physical Characterization 
procedure was to provi~e a complete description of all the 
land in the community, according to a variety of land use types, 
or parcels. Methods were described which would enab-e the 
de v el op men t of par c e 1 - l eve 1 spec i f i cat i on s from s eve,, a 1 broader 
cl a s s es of 1 and uses . In th i s s e ct i on the same them 1~ i s con -
tained. The community is viewed as a patchwork of p<1rcels. 
The parcels furthermore, are grouped into six major land use 
categories , accord i n g to the gene r i c c 1 asses of act i ·, i ti es 
which take pl ace on the parcels. These land use cat,~gori es are 
residential, commercial, institutional, transportati rn and 
circulation, open space, and special uses. Tabl~ 4, in the 
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precedi~g:section, details the parcel types contained in each 
land use category. In this section, the land use categories 
stated are used as the major organizational framework for the 
calculation of energy demands. Within each land use category 
are a variety of reasonably similar parcel types. Upon each 
type of parcel, certain characteristic energy using activities 
take place. Since energy use is physically related to activity 
rather than land use, it is necessary, for energy analysis, 
to define the major energy using activities associated with 
each parcel type. 

At the energy analyst level, this definition of energy 
using activities is achieved by the concept of the End Use 
Mode (EUM). An EUM is a specific activity which takes place 
on a specific type of parcel. Furthermore, the definition 
of an EUM specifies the energy form used for the activity and 
the end use conversion equipment used for the activity. For 
example, for the parcel type called single-family detached 
houses, there would be a separate EUM for those which accom­
plished space heating by using electricity with a heat pump, 
and a separate one for those which accomplished space heating 
with electricity using electric resistance heatin~,. Needless 
to say, the energy demand profile for each of these would be 
different. Furthermore, since the EUMs for each parcel type 
must include all major energy using activities associated with 
that parcel (or land use), it has been decided to include trans­
portation as an energy using activity associated with each 
parcel. This is based on the realization that each parcel 
type is capable of generating trips of various lengths, types, 
and modes. Thus, in Part 2, on the definition of EUMs and 
the development of unit profiles, most parcels are described 
in terms of the on-site energy uses (or EUMSO, and their trans­
portation related energy uses (or EUMs). 

At the energy analyst level, it is necessary to develop an 
hourly, year long, energy demand profile for each type of EUM. 
In this report, "energy demand" is used in its strict technical 
sense, i.e., the time derivative of energy use. Whenever 
"energy use" is used, it is also used in the strict technical 
sense, meaning the integral of the energy demand curve over some 
time period. The term "energy consumption," which flies in 
the face of the First Law of Thermodynamics, is not used at 
all. To develop the unit demand profiles for each EUM, the 
technique has been employed of using a demand rating ·and a 
percentage profile. The demand rating is a single number which 
represents the highest demand level an EUM may achieve. The 
percentage profile, then, presents, for each hour, the fraction 
of that demand rating which is demanded in each hour. 
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At the planner level, the EAP deals not in energy demand, 
but in annual energy use. Activities are not separated to the 
detail specified in the EUM characterization. At this level, 
the parcels are merely disaggreg~ted by the variety of energy 
forms they use, even if these energy forms are used for several 
activities on each parcel. The energy use is calculated using 
an annual energy use rate, called an Energy Intensity Factor 
(EIF). Most parcel types have more than one EIF, but fewer 
EIFs than EUMs (indicating the more general level of detail 
in the planner mode). For instance, for the parcel type called 
single-family residences, one sub-group is all-electric homes. 
There would be one EIF for these parcels, denoting the annual 
kWh per dwelling unit. Another likely group would be single­
family residences which have gas space heating and cooling, 
and use electricity for all other activities. These would 
require one EIF for the gas usage (combining heating and 
cooling) and a separate EIF for the electrical usage (incorpor­
ating all other uses). With the various sub-groups of parcels 
thus defined, the total annual energy use in the community 
is just the sum of products of parcel sub-group sizes by EIFs 
for each sub-group. 

Before embarking on a discussion of the details )f the EAP, 
it is necessary to address one more preliminary point. That 
is the transition from the CCP outputs to EAP inputs. 

In both the detailed EAP and the simplified EAP, the 
first step (see Figures 4, and 10, above) is a disaggrega­
tion step. At the planner level, this disaggregation takes 
the user from parcels to sub-groups of parcels for which EIFs 
are defined. At the energy analyst level the disaggregation 
is from parcels to EUMs. In either case, the methodology will 
provide the user with the choice of three ways to handle the 
problem. These are: 

(a) Available secondary data may be supplied by the 
user (e.g. census data) 

(b) Primary data may be developed by the user for the 
purpose of applying the methodology (this may be 
necessary for some land use categories, such as 
commercial and industrial, where no known secondary 
data exists to make some of the transitions required) 

(c) The user may opt to use default values which will 
be built into a 11 data disaggregation" which will b.e 
a part of both the simplified and the detailed EAP. 
In developing this ''automatic" disaggregation, the 
project team will rely on available secondary data. 
In some cases, these will be national averages: in 
some cases they may be regional averages; ~nd in 
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some cases, where data is extremely scarce, they may 
be based on very small and localized survey samples. 
In all cases, however, the default values provided 
will be referenced, such that the user may adjudge the 
applicability of the defaults to his particular situ­
ation and make a determination whether or not primary 
or secondary data collection is necessary or justifi­
able. 

With these preliminary concepts, caveats, and definitions 
established, the following pages describe the theory and workings 
of the Energy Analysis Procedure. 

2. Analysis of Energy Use for Specific End Use Modes 

This section describes the manner in which hourly demand 
profiles will be developed for the various EUMs in the communi­
ty. It is organized into parts which reflect the six major 
categories of land uses used in the study, namely, residential, 
commercial, institutional, transportation and circulation, 
open space, and special land uses. Within each part, the EUMs 
considered are grouped into on-site energy using activities, 
and transportation-related energy using activities. Finally, 
within each of those groupings, the discussion is organized into 
the specification of end use modes, the development of energy 
demand ratings and unit profiles, the accuracy/reliability 
expected, and the data requirements. 

a. Residential Land Uses. Residential land use parcels 
familiar to the community planner were defined in the previous 
section. The five parcels identified there (single-family 
detached, single-family attached, multifamily low-rise, multi­
family high-rise and mobile homes) have been broken down further 
into eight categories for detailed analysis of energy use. In 
addition, the end use modes have been divided into two categories: 
on-site and transportation energy uses. 

(1) On-Site Energy Uses 

(a) Specification of End Use Modes. On-site 
energy end use modes associated with residential land uses 
have been identified in Table 45. All specific combina­
tions of parcel, activity, equipment and energy form were 
not listed in this table for reasons of brevity. However, 
for each activity the individual EUMs can be derived by 
using the combinations of parcel, equipment~ and @nergy 
source listed in the row with that activity. Eight parcels 
have been identified: single-family detached (SFO) houses 
of (1) one floor, (2) two floors, and (3) all others, 
single-family attached (SFA) houses with (4) two units per 
structure (duplexes), and (5) more than two units (town-
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f-- Parcel 

I *SFD - 1 Floor 

-r=~~~i~~--- ---r-·- _ ---~- -- : g u i pmen t -- -------r·----- E r,e__.!:j)J_.f..2..'.~---__ - ----~ 

Space Heating ! Furnace 1 1-,ot Air, Furnace/Steam, 1 Electricity, Utility Gas, Fuel I 

l 
SFD - 2 F1oor 
SFD - Other 

, **SFA - 2 Units 
I SFA - ~ore Than 2 Uri ts 

Multifa~ily Low-Rise 
M:;ltifarnily High-Rise 
Mobile Homes 

! i Furnace/Hat Water. Room Heater Oil or Kerosene, Coal or Jther 
I I f' e a t P u :-- ;J , D i s t ... i c t S e r v i c e r J e 1 s , S t e 2 " , ·~ c t ;.; a t e r 

I I 

- ~ 
*SFD - 1 Floor 

SFD - 2 Floor 
SFD - 0th.er 

Spctce Cooling \./ir.dciw Urit, Heat Pump, Absorp- + 
tion, Central Electrical, 

Electricity, Uti:ity Gas, 
Hot Water, Chilled Wate, 

Stear::, : 

**SFA - 2 Units 
SFA More Than 2 Units 
Mult family Low-Rise 
Mult fami1y High-Rise 
~obi e Homes 

*SFO - 1 Floor 
SFD - 2 Floor 
SF') - Other 

*"'SFA - 2 Units 
SFA - More Than 2 Units 
Multifamilv Low-Rise 

I ~u1tifa~ily 1-ligh-Rise 

Domestic Water 
Heating 

District Service 

Furr,ace (011,bination, Individua 
Heater, District Service 

l Mobile Homes 
-------- ------ ·- -·-·+------------------+----------··------·--

.. SFO - 1 Floor 
SFD - 2 Floor 
Sf'O - Other 

**SFA - 2 Units 

I SFA - More Than 2 Units 
Multifamily Low-Rise 

Mobile Homes · 

Horie Appliance 
Use 

L. Multifamily High-Rise 

-------------·--·- ~-~---------~--·-
* S FO Single family detached 

.**SFA = Single family attached 
housinq unit 
housin·g unit 

TABLE 45. 

~,ufl!erous t.:r,iiances 

RESIDENTIAL END-USE MODES 

lectricity, Utility Gas, Fuel 
Oil or Kerosene, Coal or Other 
Fuels, Ste3rn, ~ct Water 

~:ect.ricj:y, 'Jti:ity Gas 



houses, quadraplexes, etc), (6) multifamily low-rise 
structures (four floors or less), (7) multifamily high­
rise buildings (more than four floors), and (8) mobile 
homes. At the energy analyst 1 evel, this type of dis­
aggregation should be possible. In some cases, less 
detailed information may be available. In this case, 
Census of Housing data should be utilized to disaggregate 
the sirigle-family attached and detached units into parcels. 
This may require the use of community level census data, 
or, in some locations, state or regional information. 

Four activities have been specified to 
represent on-site residential energy uses: space heating, 
space cooling, domestic water heating, and appliance 
usage (including lighting). Each of these activities can 
be carried out by a variety of equipment and energy forms 
most likely to be used for each activity have been listed 
to the right of the activity name in Table 45. Numerous 
combinations are available here, such as, space heating 
with a hot air furnac~ fueled by oil, gas, electricity or 
coal. Obviously, certain combinations may never appear 
in the real world or be so few in number as to be insigni­
ficant (such as coal fuel space heating in mobile homes). 
The steam, hot water, and chilled water energy forms are, 
of course, only associated with district heating or cooling 
services. The home appliance activity is a combination 
of numerous appliances. The number and type of these 
appliances will be dependent on parcel type. 

(b) Development of Energy Demand Ratings and 
Unit Profiles. Of the four activities listed 

in Table 45, two {space heating & space cooling) are very 
strongly weather dependent. Therefore, the hourly profiles 
of unit energy use for each space heating and cooling EUM 
will be determined from weather data. There are numerous 
procedures for calculating hourly energy use for these 
activities. Most of them are complex computer models 
which require specific building structural, thermal, equip­
ment, and utilization data, and hourly weather data. 
However, recently a procedure has be~ri developed for 
determining heating and cooling energy use which requires 
no computerization. 

This procedure was developed by using a 
dynamic, time resp-0nse building energy analysis model 
(similar to the Post Office program) to first compute 
the components of heating and cooling loads (such as, 
conduction throug.h walls and roof, infiltration, solar 
radiation gain through glass, etc.), and then to relate 
the variations in these load components to variations in 
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building or climatic characteristics (thermal conductance 
of walls, rate of infiltration air, window area, heating 
degree days, etc). Then parametric variation of building 
characteristics and climatic data were used to determine 
changes in heating and cooling component loads. From 
this analysis, algorithms were developed relating building 
and climatic characteristics to component loads. Total 
heating and cooling energy uses can be computed for any time 
period using a series of graphs and equations used to 
determine individual component loads and combining all 
components. The existing algorithms are geared toward 
determining energy use on a monthly basis. Data require­
ments of this procedure are specific to the time period 
of analysis. The data reqired for monthly analysis is 
much reduced from that required by the computerized model 
used in development. However, development of hourly 
load profiles will necessitate the use of more detailed 
climatic data. 

Modification of this procedure will be 
required to make it more useful in determining hourly 
energy use profiles. With the supplement of an hourly 
weather tape, this procedure can be computerized rather 
easily. The weather tape can provide hourly dry bulb 
temperature, solar gain, and wind speed for use in com­
puting hourly heating loads. In addition, the hourly 
wet bulb temperature data would be utilized (in conjunc­
tion with dry bulb) to compute discomfort index on an 
hourly basis for computation of infiltration cooling 
loads. The correlations incorporated in the existing 
procedures should be independent of the change in· time 
periods (hours vs. months); nevertheless, validation of 
these correlations is necessary. 

The current form of the existing procedure 
is applicable only to certain types of residential 
structures, specifically, single-family detachec houses, 
townhouses, and a barracks/dormitory-type structure. 
However, there is no reason to believe that the methodology 
could not be applied to all other residential parcels, 
with limited modification effort. 

For these weather dependent activities, 
the energy demand rating (the capacity of the heating or 
cooling equipment) could be determined from a building 
survey. However, the typical size of equipment could 
be determined by computing the energy use for the struc­
ture/parcel at the ASHRAE design point (Ref. 3). Once 
a demand rating has been determined, a unit, or percent­
age, profile of energy use for an entire year can be 
determined by dividing each hour's heating or cooling energy 
use by the capacity, or demand rating, of the appropriate 
equipment. 
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The energy demand rating and unit profiles 
for the other two activities in residential buildings 
(domestic water heating and appliances) are more directly 
related to the activity of the occupants. These can be 
approximated by use of profiles similar to those in 
Figure 21. These profiles are based on typical observed 
data (Ref. 2), and define energy demand as a fraction of 
total energy demand rating. Demand ratings can be 
established for each parcel type based on a survey of the 
community or use of Census and other regional data sources. 

Typical profiles of unit demand for hot 
water and appliances will be incorporated in the EAP. 
However, since some energy management alternatives may 
impact such profiles, the model will provide the flexi­
bility to permit the user to modify these profiles, or 
to substitute others which more accurately represent the 
commun.ity in question. 

(c) Accuracy/Reliability. The existing 
algorithm for residential heating and cooling energy use 
has been tested on several buildings with a resulting 
error of only about five percent between calculated and 
actual usage (Ref. 4). These tests have been on a 
scattering of buildings, not with a statistically signifi­
cant sample. Tests are still being conducted by the 
U.S. Army Construction Engineering Research Laboratory. 
In addition, the algorithm developed for office buildings 
(using a similar procedure) has also been tested, with 
results indicating a similar level of accuracy. 

The use of weather tapes in the procedure 
can be a source of inaccuracy for two reasons. First, 
because these tapes are only available for locations with 
National Weather Service recording stations, analysis of 
many communities would require adoption of a weather tape 
from a nearby community. Variation in weather between a 
community and the nearest weather station may be signifi­
cant in some cases, however, it is believed that the vast 
majority of communities could be studied with consider­
able confidence. The second source of error in the 
application of weather tapes is in the variation in tem­
perature and wind speed within the community. Typically, 
National Weather Service recording stations are located 
at airports, which are normally located on the outer 
edge of a community. Temperature recordings are often 
significantly and consistently different between down­
town and the airport. Similar variation is also common 
throughout the community. However, since this energy use 
analysis is for the entire community, the impact of these 
variations is expected to be less than might occur for 
individual building analyses. 
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The accuracy of water heating and appli-
ance profiles incorporated into the model would be very 
questionable if applied to the analysis of one building, 
since lifestyle parameters such as these tend to vary 
significantly. However, as applied to the community 
analysis level, their reliability is higher, since the 
variations would probably average out. In addition, 
any survey data collected within the community of study 
would certainly be more reliable than typical data supplied. 

(d) Data Requirements. The heating and cooling 
algorithms have significant data requirements, including 
the following for each parcel type: 

• Overall thermal resistance of 
building walls and roof 

• Window/glass area of building 

• Number of doors 

• Number of occupants 

• Thermal resistance of floor 

• Type of under floor space; basement, 
crawlspace, or slab-on-grade 

• Floor area (living space) 

• Exterior wall area 

• Presence of storm windows and 
storm doors 

• Type of heating and cooling equipment 
and fuel 

• Type of water heating fuel 

• Type of fuel for appliances (some 
may be gas) 

• Local ground temperatures 

With this data provided for a typical housin9 unit of 
each parcel type~ hourly energy use profiles could be 
determined using an hourly weather tape. 
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Domestic hot water demand rating and energy 
use profiles would be dependent on the number of occupants 
and the number of hot water-using appliances in the 
dwelling. 

Appliance demand ratings are, of course, 
derived from the number, type, and size of appliances in 
the residence. The energy use profile will be dependent 
on the number of residents. 

(2) Transportation Energy Uses. The transporta­
tion energy use within a community will be developed by 
analyzing the following travel activities: 

• • • • 

Home-based travel 
Nonhome-based travel 
External travel 
Truck travel 

The project team has proposed analyzing the 
home-based travel at a disaggregate level or parcel 
level, and has proposed analyzing the nonhome-based 
travel, external travel and truck travel on a community 
wide basis rather than on an individual parcel basis. 

The project team has proposed this difference 
in analysis procedure for the following reasons: 

• Home-based travel accounts for the 
largest proportion of urban travel. 

• Home-based travel activities have been 
studied in finer detail than the non­
home-based, external, and truck travel 
activities. 

Home-based travel activities will be analyzed 
as part of the residential parcels. Home-based travel 
includes all travel purposes with either end of the trip 
located at home. 

The nonhome-based travel, external travel, and 
truck travel will be discussed within the section on com­
mercial parcels. 

Table 46 presents data regarding trip purposes 
for several urban areas. 
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TABLE 46. TRIP PURPOSES BY PERCENT OF TOTAL INTERNAL TRAVEL 

City 

Philadelphia 

Detroit 

St. Louis 

Baltimore 

Hagerstown 

SOURCES: 

Home-Based Home-Based Non Home-
Work Non Work Based Truck 

27 39 19 15* 

28 33 24 15* 

27 40 20 13* 

26 37 26 11* 

23 46 27 4 

11 A System Sensitive Approach for Forecasting Urbanized 
Area Travel Demands 11

, Alan M. Vourhees & Associates, 
prepared for U.S.D.O.T., 1971. 

Hagerstown/Washington County Transportation Study, 
Maryland Department of Transportation, July, 1976. 
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(a) Soecification of End Use Modes. The energy 
consumption for home-based travel in a community will be 
derived by starting with land use characteristics and the 
travel behavior associated with those land uses. Travel 
characteristics for the land uses (i.e., trip generation, 
trip length, etc.) can be obtained using national averages, 
actual values, values obtained from travel or land use 
simulations, etc. For urban areas having a population of 
50,000 or more where comprehensive transportation is a 
requirement for Federal transportation funding, the input 
data for the parameters used in the EUM's should be avail­
able. 

Thus, an individual EUM for transportation 
has to be defined for each residential parcel. The EUM 
would include a range of activities (travel purposes), 
equipment (vehicle type), and energy (gasoline, electric, 
etc.). · 

Obviously, if too disaggregate approach 
is taken in describing the full range of travel activi­
ties and available equipment and energy forms, the number 
of resulting EUM's would be impossible to efficiently 
manage. On the other hand, if too aggregate approach is 
taken, it would not be possible to obtain the required 
detail needed for energy impact analysis. The next sec­
tion presents the initial listing of transportation EUM's. 
As the data collection phase proceeds within the study, 
it may be determined that this list will have to 
either be collapsed or disaggregated further because of 
either data availability and/or specification requirements. 

Home based trips are considerec produced at 
the residence of the trip maker whether the trip begins 
or ends at the residence. Thus, the EUM that includes 
home based travel activities will only appear under the 
residential sector. 

The automobile inventory has been tenta­
tively divided into three weight categories tc allow 
the inclusion of different energy intensity factors. 
This classification has only been proposed for gasoline 
powered vehicles. For electric and diesel po~ered 
automobiles, only one automobile weight classification 
is proposed. 

Only one bus and rail transit classification 
is presently proposed. Based on future data collection 
efforts, it might be necessary to develop a finer 
classification to account for energy intensity differences. 
For the bus mode, this may include school bus and 
conventional bus. For the rail transit mode, this may 
include lig.ht rail, streetcar and/or rapid rail. 
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Energy form descriptions include: 

• Gasoline 
• Diesel 
• Electric 

The EUMs have been constructed to not only 
allow the analysis of conventional modes, but also to 
allow the inclusion of new technology such as the electric 
vehicle. Table 47 defines the transportation EUMs for the 
residential sector. The parcel column has been left blank 
in both columns. This has been done for two reasons. First, 
the activity, equipment and energy from descriptions are the 
same for each parcel within the residential sector. Thus, 
in the interest of presentation simplicity, all the 
possible EUM permutations were not presented. For 
example, a complete listing of residential EUMs would 
expand Table 47 by including under parcel: (1) single-
family detached, (2) single-family attached, etc., and 
then repeating the complete list of activity, equipment, 
and energy descriptors. The second reason the parcel 
column has been left blank is related to a computational 
consideration. The primary effect of the parcel descriptor 
is on trip generation rates. While default values 
(national values) will be provided for each residential 
parcel dependent on the analytical procedure used by a 
given community, the residential trip generation may 
not be stratified by parcel. The EUMs could then be 
formulated by using the aggregated residential EUM 
without considering individual parcel$, or a different 
disaggregation scheme could be used. 

Again, it should be stressed as the 
conceptual phase continues it may be indicated that the 
residential EUMs should be aggregated to a greater 
degree or the non-residential EUMs should be further 
disaggregated. 

(b) Development of Energy Demand Rating and 
Unit Profiles. The total energy used 

per unit of time for any EUM can be expressed as follows: 

TE = f(EF, TC) 

where: TE = Total Energy Per Unit of Time 

EF = Energy Factor (Energy/Mile) 

TC = Trip Characteristics (VMT) for a 
given parcel 
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TABLE 47. END U~E MODES 
fl'* 

C/. ,-EGORY PARCEL ACTIVITY EQUIPMENT ENERGY 
~ 

Residential ! Home to Work Compact Auto Gasoline 
Home to Shop Compact Auto Gasoline 

,... 
Home to Other Compact Auto Gasoline I . 

j 

Home to Work Intermediate Auto Gasoline 

r Home to Shop Intermediate Auto Gasoline 
J 

Home to Other Intermediate Auto Gasoline 

~ Home to Work Standard Auto Gasoline 
! Home to Shop Standard Auto Gasoline i 

Home to Other Standard Auto Ga so 1 i ne r Home to Work Auto Die se 1 i 

Home to Shop Auto Diesel ,.. 
J: Home to Other Auto Diesel 

Home to Work Auto Electric 
flllll, Home to Shop Auto Electric 
J Home to Other. Auto Electric 

"""': Home to Work Bus_ Gasoline 
Home to Shop Bus Gasoline 
Home to 

~ 
Other Bus Gasoline 

t ·. 
J ... Home to t,Jork Bus Diesel 
! 

Home to Shop Gus Diesel 
n Home to Other ·sus Diesel ' 

i -: 
Home to Work Bus Electric 

,... 
Home to Shop Bus Electric 
Home to Other Bus El~ctric 

""""' Home to Work Rail Trans it Diesel r. , 
Home to Shop Rail Transit Diesel ! 

r Home to Other Rail Transit Diesel 

,· ! Home to Work Rail Transit Eh~ctric 

Home to Shop Rail Transit El ,?ct ri c 

n Home to Other Ra i 1 Trans it El,-~ctric 
f . 

_..... 
I : 
f 

i 
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The Energy Factor (EF) can be fuel 
specific (i.e., Gasoline/vehicle-mile, Electricity/ 
vehicle-mile, etc.). 

An energy intensity factor will be 
supplied as part of the algorithm for each EUM. The EF 
is based on a number of factors as detailed in Table 
48. In theory, a new EF should be used for each 
variation in trip length, speed, auto occupancy, etc. 
Average EF factors will be supplied for each EUM for 
use in energy calculation. A procedure, it is hoped, 
will be developed to allow the user to vary the EF if 
different conditions exist in his community, if a 
different mix of vehicle types exist, etc. 

Tables 49, 50, 51, and 52 indicate the 
EFs for various modes of travel under different condi­
tions. Using data such as this, a set of EFs will be 
developed for different modes under varying conditions. 

Land use densities and policies, transporta­
tion system and policies and technology will all have 
an effect on trip characteristics including the trip 
generation (TG), trip length (TL), Modal split (M) and 
auto/ vehicle occupancy rates (0). Inputs for these 
variables can come from national averages, actual 
values noted from empirical studies, or the results of 
travel models being employed by the community. As 
mentioned above, communities of 50,000 population or 
more usually have an analytical capability to generate 
this information. 

The trip characteristics (TC) are a 
function of several variables as indicated in Table 53. 

. The formulation shown at the beginning 
of this section indicates that the total energy will be 
calculated by a unit of time. It is proposed, that for 
gasoline or diesel equipment/energy form, this unit of 
time be on a daily basis. 

The unit of time for electrical equipment/ 
energy form will be on an hourly basis. 

The project team has concluded that for 
petroleum use in the transportation sector daily use 
would be sufficient to satisfy all expected require­
ments. In most cases, the primary variation is between 
weekday and weekend. 
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TABLE 48. ENERGY FACTORS 

EIF= f (Operating Conditions, Vehicle Type) 

0 per at i n g Con d i t ions = f ( V_, S , G , A , FT , S / G , A/ D , P , I , L , TL , T ) 

Where: V 

s 
= Traffic Characteristics (Volume) 

= Speed 
G = Profile of Guideway (grade) 

A = Alignment (curvature) 

FT = Facility Type 
S/G = Number of Stop/Go Cycles 

A/D = Number of Slowdowns 

P = Surface Conditions 

I = Idling Time 
L = Load Factor - Additional Weight 

TL - Trip Length/Phase of Operation 

T Temperature 

Vehicle Type f (Y,W,AC,TU,TI) 

Where: y = Year of Production 

W = Vehicle Weight 

AC = Number of Accessories 

TU State of Tuning 

TI - Type of Tire 
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TABLE 49 

V ~: H I ~ L f: (- A !) C L I >H: C C/\f S U; ·~ P T I O \J ::1 "~ F R ': r: '.-J A Y S 
( ]S,74) 

CONSU~PTIUN - (ALLG~~ ?FR MILE (1) 

4C 35 30 25 

r: UC K • n r:, ~. <.. .. C t,:; l • C 7 4 0 • ·~I t. t, 3 • 2 6 (• .~ • 0 5 TT • '.) 5 2 2 • 0 5 4 9 • 0 5 5 4 

h TC·-~ 
~; l\ZC L ~ u•'J :!.1 
1~UCK .lLi-37 .1]47 .l.?.5':I .12(>0 .ll~~B .1148 .1147 .1152 .1173 

20 TC"·., 
C/1

~~~: I_ 1 1,:i: 
T?_UCK 

? S 1 (_;\l 

.3SOJ .. 35S4 .3332 .z7g9 .29R5 .2968 .2963 .2970 .3052 

'") 7 ~- S :- L T P U ( I\ • ? T3 q • ? 3 i'.1 2 • :· 2 B O • L l fJ B • ? l n 2 • 2 0 9 ,~ • ? D 7 6 • 2 G 5 6 • 2 Q 6 2 

.0927 .0864 .~bCl .0743 .0716 .0707 .~687 .0683 .0690 

( 1) fH,TA h!\Sf:J ::,i~ TYPICAL RCJAU~·IAY ~EG~1F.NTS WHICP. REFLECT VARIOUS 
CLPVf~t GRADES, ~T[PS PER ~ILE, lRAFFJC DENS!TI~S, ETC. 

(2) Oi~TA cl•.~-d) v,1 Vt:HJ(,Lf MIX Cf- 8~;.')4~; I\UTOf-WIHLES, 6.81% TWO TON 
Ti7-~j(K~;, :;.26·,: ~lX TCi\J T~UCK~, ?.20'.{~ T',H:rnv TON TRUCKS, 3.60X 
T'1·:::\JTY--r1vr:_ TCN TP,UCKS. TH~ AUTt:~-10[,Ilr: ~nx IS 58t, 30%, A~m 
12:'?, H:~ ~- TANJAr-'.'.,, COMPACT, J "-lC'1 SU?(C,~!.PACT, RESPECTIVELY. 

~~ CJ L F, C ~: : r L C' [1 M , K t: : ~ 1 , 1 ;;.: AN ~ -U 1{ Pi . _ ; ,J C fJ r.~ P LIT EE_~.1-J..:J.£.fi!..S.J. , FE OE RA L 
!:Jr~l-;\J,!.Y AG·HNISTP.ATIO~~, U.S. OE1~4xT''!F.NT OF TRANSPORTA­
il11,·~, ',,,.1t-SHI~JC.1n:\J, !.J.C., Ar>RIL, 1Q73 

SOURCE: Characteristics of Urban Transportation System, Deleuw, Cather & 
Co., USDOT, May 1975. I 
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TABLE 50. ENERGY INTENSIVENESS FOR AUTOMOBILES AND BUSES 

Energy intensiveness for aut~m0h1lcs and tuse", ] '.1-4-1 %0 

-· ---· --·---~ ----------~--------------- --· 

Specific energy, st,Jp/-;tart 

Trip \veragc :,unber of se:lt s ::;c:lt-·".i lcs/gallon sr;_:·s seat-mile 

\':.,r:icic t:,pc 

, :'"·,:c"'.",pact :1u:0 

Urhan, co~?aCt auto 

~; I C ~ ;:, , ,;, ~ ~:'.; J :-::! :1 ~ !. '] 

Ur~an, luxury auto 

Ur~an, hus 

:nteTcity, Lus 

>,: I ~compact 
auto 

Intercity, :ompact 
auto 

Inter=ity, ~tandard 
auto· 

Intercit/, luxury 
c1uto 

GrL~S 
\-.'Ci,l}lt 

I 1 c1DO lbs.) 

:.r-:.-~ 
2. 5 .. 3. 4 

,_c;_J.4 

4. S-i . 11 

1. i I',. 5 C'.-1f'•b) 
2 C• • , - 3 - .:: 6 • 0 

(:3.: empty) 
45.0 

2. n-2. 4 

2.S-3.4 

3.S--L4 

4.5-6.0 

-~-- --~-- ------------·---

lent:th ~rip 
(statute hrs :a 
miles) ~!PH 

1'.'1.0 . 2 -1 ': 5 

10.0 .24/2S 

1 o. 0 .24/25 

10.0 . .::4/:s 

13. Ll 
l ... : s 
l '.J. 3 

l(lJ. 0 1.81/55 

1 Otl. 0 l. ,'-ll / ss 

)()(), 0 1.81/55 

100.0 l • S 1/ S5 

100.0 1.81/55 

:Gasoline"' 125 X 10 3 BTll/gal, Diesel 138.8 X 10 3 RTU/~al. 

\'er.id e --------------- ---
;:uc 1 statute A\ailable 1972 Adual Ava; !able 1972 Actual 
t:·pel :'.:iles/i;al (ful 1 luJd) a\-er. oper. (fuj 1 loaJ) a\·cr. oper. 

-------~-~-~ 
C:1, .~ ..! • 0 -1. 0 l. 6 % 3::5. 4 

Gas 18. O s.o 1. 6 J() 2S. il 

r.as 1,1.,1 6.0 1. 6 86. ,1 23.0 

Cas '.l. 0 6.0 1. 6 S 1 14. 4 

:, i t:-_ccl 3. 6- l. I) so I 2 lSO ,8 

!', i cse 1 6. () 46 19.4 276 l]t,,,\ 

Gas 30.0 4.0 2.0 120 60 

Gas 22.S 5.0 2. 2 112. S '19. S 

C:J.s 18. 0 b. () 2.6 108 46.3 

Gas 13.0 6.0 3.0 -, 36 

SOURCES: U.S. Department of Transportation, E_n!~_c_gy_ __ ~t_a_t_i__sti_r_\~ U.S. 
Government Printing Office, Wdshington, DC c:1s repCJrtcd in 
the Tran_s_oortahon EnProv C0nc,0rvr1ti0_n 1·ht-i r1,,0t, rb1, ri :c:gc 
i~at·iona1 t0Doratory, October l9Y6. 

Ava:lablc 1972 Actual 
(full load) aver. opcr. 

l ,302 3,25S 

l, 38'.l 4,340 

1, t4 7 5,435 

2,315 8.681 

2. Q() 1 

s (1 ~~ 1,192 

l, U-!2 2,U83 

I , 111 2, '>25 

I , l ':J 7 2,671 

1,7';(, -~, ,1 i 2 
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TABLE 51. ENERGY INTENSIVENESS FOR TRUCKS, 1974-1980 

Trip .:\\' erage \'chi c 1 e 
Cart;o ~.!aximum length trip tjme Type of statute 

\'c~icL? t~·pc dcn.c:it': ::~1,.·1 Cl::d 
hrs cl 1-Ul' J. r::iles; lStatute 

lbs/ft 3 in tons 
miles) ~,1Pll gallon 

-------

Urb:m, truck 20-100 8 10 .4/25 Gas 

G_;:uai1, l rLh . .:1' 20-100 8 10 . ,l/25 Diesel 

Urban, truck 10-30 :; . 1 10 .c.l/25 Cas 

Intercitv . ' truck 20-100 25 100 1.S/SS Diesel 

Intercity, 

SOURCES: 

truck 15 14.3 100 1.8/55 tlicscl 

U.S. Dpartment of Transportation, Energy Statistics, U.S. Government 
Printing Office, Washington, DC as reported in the Transportation 
Energy Conservation Data Book, Oak Ridye i~ational Laboratory, 
October, 1976. 

8 

12 

8 

5 

4.S 

Specific cncr~y 
stop/start cycle 

Ton-miles BTU's/ton 
per gallon mile 

----

64 1 , ~) S3 

96 l ,,H() 

2S s, o,io 

125 1,11() 

69 ,) , :1LS 

----- ~---
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TABLE 52. ENERGY INTENSIVENESS FOR PASSENGER TRAINS, 1974-1980 

~ __ '.ii,·:_ le t~··'1JC 

!l:!_-'.\·:n :~-·1in 

>1(;t.l"'V~iI:cr 
\1.:w ·1-okai..Jo line 
Stc.:.m: ~::.·J Ji0si;:;l 

Cross 
':-:_:;i_sht 

I ~ 1JOO 1 b s) 

79 
1050 
.2000 
1200 

Trip 
l.·ngth 

(st ~1 tu te 
miles) 

n -~ \_,.,-"=' 

75 
1-~0 

50 

,\ \·e rage 
tri'1 
t ir.w 
(hrs) 

'.). ) -
1. 0 
l. 1 
0.75 

rucl 
t \' ')C 

'l.-

!~ 1 :~tr~ic 
Electric 
f: 1 e,..: tr i c 

Diesel 

Vehicle 
st~1tutc 

:ili les/ g::11 

:. - ' (;(h) ?, : ~;/;ii 
0.83 
0. ·l 
0.66 

\'umtier 
of seats 

2(1-u,J 

382 
1..ioo 

360 

... 

·-· ~)t:c LI _l \~ ,_,. !!C~ r~:}· 
stop/start cycle 

s CJ t -;tl i l Cs RTU ' ~ / 
gallon ~cat-mile 

l U{) 1.) l. l) 

318 ,l ..i 0 

:iOS 427 
240 583 

--------------~---~-------------------------------~---------------------~--~--- __ ,_ __ -- --- - --------- ------~------·-

SOURCES: U.S. Department of Transportation, Energy Statistics, U.S. Government 
Printing Office, Washington, DC as reported in the Transportatio~ 
Energy Conservation Data Book, Oak Ridge National Laboratory, 
October, 1976. 



For electrical consumption, hourly PROFILES 
will be described for urban rail (electric) transit and 
for electrical auto/bus/truck vehicles. 

TABLE 53. TRIP CHARACTERISTICS 

TC = f(TG, M' 0' TL, s) 

Where: TG = Trip Generation 

TL = Trip Length 

M = Mode split 

s = Speed 

As mentioned at the beginning of this 
section, if an urban area does not have the data required 
for calculating the unit profiles or VMT, default or 
national average values will be supplied. 

The following pages present figures and 
tables that indicate the sources and types of data that 
can be supplied. 

• 

• 

Vehicle Miles of Travel - Table 54 
presents one approach to obtaining 
VMT by urban area. This table 
indicates that within urban areas 
of similar size travel per capita 
increases with capacity per capita. 

Trip ~eneration - A considerable 
a mo u n t o f e f f o r t h a s c o n c E· n t r a t e d 
on developing good trip generation 
data, especially at the residential 
trip end. 

Table 55 presents trip generation 
for residences. The table was taken 
from a source which presents a 
comprehensive listing of trip 
generation rates for several land 
use classifications. 

Regression equations for trip 
generation have been developed on a 
national level that could also be 
used by an urban area that does not 
have specific generation information. 
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Less than 7~ 

75 - 150 

Ove;r 150 

TABLE 54. VMT/POPULATION RELATIONSHIPS 

VEHICLE MILES OF TRAVEI..1 PER CAPITA 
HELATED TO POPULJ\TION AND H1GH\VAY SYSTEI\'1 SUPPLY 

POPULATION GROUP (000) 
lOOU 6;. 

:~) to 100 100 to 250 2 50 to 500 500 to 1000 OVCl' --------- -· -·r·-··--• 

7. 04 8. OG f~, 70 ? • ·'-~ ~ () ,1 A 
• ·1.·-:1 

8. 8D 10. 10 10. GO 11. 20 10. 50 

11. 00 10. DJ 11. D8 14. 37 12. 0G 

All Capacity 
Classes 9. 00 1 o. 0 l 10. 6G 11. 2C 1 o. ·10 

~.- ~~ss un1cs l• ri:.:e w Z<1· L, apac ny ::_; ~ x .Sw·i~n.: i__: ;\l. i.er ial Capac ii..J 
Capc1city Index =- (:") (Freeway IVIiles) + Surfa~e Arterial :I\Tiles) 

SOURCE: 

Pupub.tiou \ uu 1 

Kassoff, H., and Gendel 1, D.S., ''An Approach to Multi-Regional 
~;·:;an Transpo(tot1on Pc1icy rlannir1':l,' 1 as reported in ''A Systeni 
Sensitive Approach for Forecasting Urbanized Area Travel Demand," 
Alan M. Vorhees & Associates, 1971. 

j • 

All Urou11 
Areas -------

r C,,,... 
I , l • ,, 

9. 80 

11.:17 

C). (! ... 



TABLE 55. TRIP GENERATION RATES 

SUMMARY OF TRIF1 GENERATION RATES 

Land Use/Building Type Si ngtc_ 1:amt ly Hot1sing_ ___ _ __ ITE Land Lise Code _ / 10 _____ _ 

Independent Vari3ble-Trips per Person 
- ---- ·- - ·- ---~--- --------- --

I 

Average i \Ju.rnber . Average S1zc o: 
Trip [ Mo.x,mum i Mimmum Correlation! of lndepeno·ent 

Rate , Rate ; Rate Coefficient Studies Vanab1e,Stutf'i 

2 . S 1 ,1. S i 1 . 2 ; l G 7 1 S~)O i 
---- ----- ----L--------------t-- --------+------~- ----·----------...., 

r Average Weekd~y Vehicle Trip Ends 

; j 

Peak AM. Enter 

Hour Between 

of 7 and 9 

Adjacent 

Uetween 

Traffic 

Peak A.M. 

Hour 

of 

Generator PM. 

s~turday Vehicle Trip Ends 

Peak 

Hour of 

Generator 

Sunday Vehicle Trip Ends 

Exit 

1 ota! 

Enter 

E .xi t 

Total 

Enter 

Exit 

Enter 

Exit 

Total 

Er1ter 

Exit 

Total 

reak --- - - [- Er1ter 

·- J --~: :~!~~ Hour of 

Cenerator 

I I : ' i 
_O_.l ______ :---- ___ ~-----:----25-.-.·----- ~ 

() • 2 i I I .:?6 ! 

-t~--;= -- ---,----: -<:--~ ----------~ 
D . l ---i-- -- - - . ----, --=~ ~- L ;G -- ==-=~- l 

.. :::-l __ J_ -~- - i--- - . i =J=::_-·_-= =-~ 
- ----- ---- - --· -------·-·t-- -------l..-------+-------·------------1 

--- -·---+'.: __________ :,· --~7 ___ ·---------·--··1: ---- . ------- r- -· -

0. / I . , 

_ I =s I 
-- •--·-·· ·-·-··-----. - ----- ------ ----+-·--·· ·---·- -----··, ---- 1 

: ::::c-i I -r- ·-------~r- · · - 1 
0. 3 ' :)6 

-- I ·..c-·,-- •-•=0·- ~ --f ------ ----=-.i-· - .. , -·.----· ------- --.·. - ···.------ -.--· ~ 

0.2 

0.1 
-----·---- -. -··-·--f--

.:? • 7 I I - 7 I 
~) ~-;- --1----- ------}-- ---- ·1 ------1- --; ; --1 ---------------j 

---- -- -----r----- ---- 4 -- - -----+ t- -; 1 --~---------- i 

.. ~)=;:-~- = ! -=·J---1~-1 -
2 • c~ / j I - / : ------!---------- -·- j_ ___ --------+--_')... I ________ _ 

0. 1 I / ! ] 9 
1 

' -() .-]- -~r~ ---· -,- -- f : , ·l . 1 

Jl: 3 -_L~---~+--~~-l--;;~;- ------1 
r----S-o_u_r_Cl-~-N-u_m_b-er_s ______ l-_ ,-_-4-,-_-; ·,--l-, _-,_-7-, _l.._8-,_-___ -l_-1-,-_,l?, _I.>, _1,1,_ lo ,_1 'l: CO,. 21, 21, 2<, , __ :•;4, . .,~, 3(,, ! 

38, ,10, 71 , 72 l 

ITE Technical ~,ummittee GA-6--Trip Generation Rates 

Date: 1(, -- i- 75 

SI ·'JRCES: Trip Generation, Institute of Transportation Engineers 
Informational Report, 1976. 
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• 

• 

Table 46 presented some examples of 
the different trip purposes. 

~ Length - Trip length is a 
function of: 

The size and physical structure 
of the urban area 

The transportation system 

The social and economic patterns 

Table 56 and Table 57 are examples 
of work that can be used in developing 
default values for an urban area 
that does not have this inforrnation. 

Automobile OccuRancy - Table 58 
presents information on automobile 
occupancy. 

Within the remaining conceptual work and 
the data collection effort, work will continue in 
defining default values for all important transportation 
variables. 

It should be pointed out again that in 
most cases (especially for those urban areas with a 
population greater than 50,000) the urban area will 
have this information. 

( c ) Re 1 i a b i 1 i t~C_£U!'_~~ • F i r s t , t h e a c c u r a c y 
relates to the number of EUMs. As mentioned pre 11iouc;ly, 
if every possible EUM combination could be defin1~d and 
modeled a fairly refined and accurate representa:ion 
could be made. However, if this approach was followed 
not only would the number of fUM's be impossible to 
manage, but it is uncertain whether the data exi :its to 
support this refinement. The level of EUM detail 
proposed ten~s to balance these factors. As mar~ 
experience is gained, the detail may vary. 

The second factor that effects ac:uracy 
is the energy factors. The more accurate the EFs 
reflect the conditions found in the community the more 
accurate the calculations. 

I I - l { 9 
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TABLE 56. TRIP LENGTH FACTORS 1--------------- ---- -------- ------
1 I, (l -

j I 

I ; 

I i I I i ---------.--------~------L __ _L ___ -~ 8. 0 !---,------__.__ 
I I 

JC , I I 
,._J I I • 

~ I 

~ ~ ~ I l I i I I 
a. l). 0 ------·------ ---------- ------~-+---~-i 

-~ I I I ~s Angeles 
1-- • I • 

(l) 

u 
- t 

-+--~ 
.i I : i i . i 

___ Jl.e-t..J'."--O-!~--- ---- - -- -----+--- ------- --,-____ __j_ ____________ T ______ J 
.J: 

~ 4.0 

12:) C • 

(!) 

en 
n:,· 
I,_ 

(l) 
> 

<l'.: 

2.0 

I J . : i ·, i I via sh I n g ton , D;. C . : . ! / 

P i tjt s bu r g i 1 : i l 

Kansas Ci 1jty i 

1

, 

I I I 

:-·~ -1-·----t-·----l·-~----1---- --1- - ~T 

I I I I I . 

I 
I I 
I I 

----------i 

I 
! 

o l ____ - - ___ _L ____________ L ___________ _L ______ J __________ _ I 
_l - -

0 2 

~-w 

SOURCE: 

4 6 8 10 12 

Population (Millions) 

Wilbur Smith & Associates; "Transportation and Parking in 
Tomorrows Cities, 11 1965, as reported in 11 A System Sensitive 
Approach for ForPcasting Urbanized Area Travel Demand~ 1

• 
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TABLE 57. TRIP LENGTH FACTORS AND CONSIDERATIONS 

Wurk 1 rl/J.\ 

I. \11,: anJ physical structure: 

(a) It an urban are.1 grows by extcndmg ib prl.'.s-.:nt p..ipulation ::rnd employment 

d..:mity patterns, ~he change in the average work trip kngth (time) \vii! 

probaLly L\., prq:,-Jrtional to the fourth fOl)t of thi: populatio:1 ..:h:rngc. 

( b) If an urb,"n area grows largely by th;; filling in of unused l:rnd while main­

taining it:s s:.:.mc density pattern, there will be no rnakrial ch~rngc in work 

trip length (time). 

( c) If an urban area develops by concentrating additional population and cm­

pluymcnt in the downtown area and/or in other ,cctions 0f thi: m(·trn­

p()]iran area. the average work trip length (time) will probably decline. 

Various studies have shown that this decline could vary from 5 to l O pi.:r­

ccnt. 

2. Network :-.peed: 

(a) ~'han_r;c<.; in(,.: :1,uage \'.'ork trip di,l:l!1cv ( m:k:-.J \\il) n1..' dirs.:ctl_, prdpor-
t· · '11·11 to th·· ",1 1r · r t · r ·1 · · ' I 1 '" , • •·- '!'"' l <1'.) \)1 llL!ll2l"S Ill !h'dr> l\lllr lk'l\\~ll I\ ,.p;.;.:d. 

( b) Clung.c:; in : : .c J.\. .::r~1gc \•;ork lrip Jur:itiun ( :11inuk~ J ,, ill be inwrs.:iy pro-

purtionJl to the s4uarc root of chan6cs in pcJk-huur network spccJ. 

3. Sllcio-cconomic factors: 

(a) A more hetcro~cnl.'ous di,tr:bution of inc(1mc in ;111 urh:rn :trca could re-

d L~ ~, L' tr i t) 1 ..: 1 1; i. ! 1 Ll) c.1 ~ u , u l. ; , .. 1.') i \J _1-J \. • '"' ~ l 1 ~ • ~ . LI ~ ~ • ~ : : : t , :· ~ k ... • : : : • , ( ) ~- j : : ! ~ ~ r t : ! u d c" 

this is not likely to h::ippcn. 

th I Chai:,~\.."::. i:; 1.::xi::,~111;' 11:st,.1;<~·:1: :1·:d :'.('_.;:'.! :>:·"·:""" -.:1,'. 1:d ,.,, 1•·,·: 1::r L- 11:·~h 

b1 .5 pcr1.x,1t, but it :.i.ppears frt>rn the J~1ta im·cstig;itnl that these changes 
occur very :-.lowly. 

Nomrork Tnf>:, 

1. Sill' and rhysi-.:.':,l <r 1.:cturc: 

(a) '.':onhu:~1e-h.iscc\ trip lengths will change at about the SdmC rate :is.; \\1Jrk 

trirs. \\;l;_',C:l'· s,,,~·;:tl-rL'1.'f,':1ti,1n trip L:ngtl:', will ,.- 1::::1;.c :::. :'· . .:\I.-;•,.\.,: , 1f 

the \\ ,)rl.... trip k11~~1/1. 

(b) Shop trir k11~!;1 is not Lkl.'.ly to ch:rn~c unkss un:rnt:cip,:L,! -.::'..:'.1;;1.·, t'...:cur 
in rcu:iin~ pr:11.:iiCL'S. 

( c) Truck trip kn_:;th is nut : : kcly to change unk:is ccmn:,:r,'i,d :ir:J r ,·'.';Jc;itial 

land-use ;:cattcrns change. 

2. 'l'l \\ u r k : ; ·-.- ,· d 

i__a) Shop :1:-1d tru,:h: trip kngth Jcic:, not :ipp1.'ar at this t;mc to b1..' r,·):t11.·,) h.1 

chan~:cs in :1\ crct:,:1.· 11ct\, ... nl spL·ed. 

(b . Cl . . . l . . 1· . 
) 1~1:1;.- in: .. ,· .1\\.i':t!2,' s.(k·ia -r1..·cr,._·,1t:,1i: L:p l ,< ........ , ... ,'.. ,: 1:. 

p,upl r:i,lnc1: :u t:1c 1.uhc r,1,Jt of L"i:;i11g..:\ i11 (1!T-1x:1l-.. :11.'.l\\C:;.;. ,pi:1.·,:-.. 

(c) Ch:.in:;,> i:1 tl.c :l\cr:::s S1'1.i:tl-r(dC:ttil,l1 trir 1..!ur.:::,:11 (rn::~·.::,·, I .1;~1~~.:: 1,, 

be im -::rs.L·ly p:-,lpur::un::l lo the cube root of dun.;1.·- in c1:T-pe.tk ;:, : \' ... ,:-k 

speeds. 

(d) T\onhomc-bascd trip dist:!n..:c (111ilcs) \\ill hl' dirL·ctly rr()!X)r1i,w:tl t.-l 

changes in 1:ctwork spL·cd.-, proviLl..:d there is no r~!di.:.·;il c;ur.~'~· in ( BD 
travel. 

3. Sociu-cconl~mic r;tcturs: 

(a) Ml)fC hctero:,:'-'nL·uu:-, (.fr,t1ihul1ui1 \,f ;n .... ,;n,_::, \\ itl:ir :::' ~nr,.11! ·r. 1' 
. ,i!iill 

in1.TCJSC soci::1-rccrL'.Jt;( ,n ti ii~ lcn:_,i!:.., :h n:1;._'h ,!<: l () ;~:'r.·.--;t 11 :1: , •:1\, I 

have :ink i11~p,11.:t 011 ()tlin ly pl·s of nu1rn ork. trip'.). 

( h) Changes in existing hi:-ih lr ical and soci:d rat terns could ch.tii~L' nu:1.-. llrk 

trip lengths :t'- lllUch ;1-.. I() P'-'rccnt. huL as in th· ... ·:;:-,,_· li: \\ irk l: 1jh. \:1,_..,, 

changes :irl' cot likely!\) (J(Htr very rapidly. 

SOURCE: Factors and Trends in Trip Lengths, National Cooperative Highway 
Research Program, Report 48, Alan M. Voorhees & Associates, 1968. 
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TABLE 58. AUTO OCCUPANCY 

Major purrose of trip __ _ 
I 

. LJuc:it.ic,11a1, ! I Family business . . I I 
Cl.VlC, I ••• 

Earning a living Social a11d rec rea L ion.:d 

1
v1.s~ts tol I I I 

To andlRelated !total 
from business I 
work 

l. 4 I 1. 6 I 1.4 

1. 4 1. 7 I 1. 5 

1. 4 1. 6 1. 4 

I 

I 

1. 5 
I 

l. 6 , l. 5 I 

11.7 1. 6 2.0 

I 

Medical I and 
and Shopping j Other Total 1· re 1 igious 

dental , , 
Vacation 1 fr1er.ds ,Pleasure,· 0 h 11 -, All , . t. er Tota1 

or I rides I purposes 
relatives 1 

Occupancy - Occupant~ ~er trip ·--i 
2.0 I 

2.3 

2. 1 

2. 1 I 

I 
2.9 

2.6 

2.0 I 1. 9 1. 9 2.6 " 2.3 

2. l ! 2.0 I 2. 1 I 2.5 I " 2.3 

2.0 l.9 : . ll '. 2. 5 3.3 2.3 

·---~--__L_ 
Uccup,rncy - Passenger miies rt:r VciliC.e-::iile 

2.2 \ 2.2 i 2.2 2.4 I * 2. 7 

I 

I 
2.3 2.2 2.4 2.6 ·'· 

l 
2.6 

I T 
2.2 I 2. '.") j 7. 1 , :? . s I 'L 3 I 2. 7 

2.8 

2.5 

2.7 

I 2. Fi 

2.6 2. 4 I 2.0 

2. 6 I 2. s 1. 9 

I ' I I . l 

! C : 2 9 ·, 2 • 2 i I 3. 2 ' J. u I . ' I 

+~~J:_+~~ 
' r ' 2 2 i I 1 0 I 2. 9 ; · i J • (I i . ' j I 

I I 

I --· ------ -~ -· ·---- -- -· ·--··---

* Uat3 insufficient for an,11ysis. 

SOURCE: Based upon unpublished table 0-8 from the Nationwide Personal 
Transportation Survey conducted by the Bureau of the Census 
for the Federal Highway Administration, 1969-1070 as reported 
in the Nationwide Personal Transportation Study, Report No. l, 
April, 1972. 
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The third factor that effects th~ ac:uracy 
of the formulation relates to the trip generati Jn, trip 
length, and other travel characteristics used i1 the 
energy consumption formulation. Presently, the forrnula­
tion is constructed to use average values obtained through 
a default option or from a travel model. Accuracy could be 
improved if, for example, trip speeds are represented as 
distributions in the formulation rather tha~ single values. 
However, to be effective the EF would have to vary in 
accordance with speed. 

(d) Data Requirements. The primary requirements 
for developmental data includes the derivation of Energy 
Factors (EF) and average or default values for each of the 
variables contained in the energy consumption formulation. 
The level of EUM detail will be very dependent on the ability 
to derive these values for specific cases. 

For the user, the primary requirements 
relate to describing the number of EUM's for ea:h 
category. Beyond this, the user can use the default 
values or supply locally generated values. It is 
assumed that for most areas a fairly complete data base 
will exist related to travel conditions and they could 
be used for input. 

For calibration purposes data will be 
required on gasoline/diesel sales in a community. The 
availability and accuracy of the data has not yet been 
determined. The data to calibrate the electrical 
energy use for rail transit can be obtained from the 
transit organizations presently running these oJerations 
throughout the country. 

b. Commercial Land Uses. Commercial land use~ fainiliar 
to the community planner have -been defined in the pr~vious 
section. In addition to the parcels identified ther?, food 
stores have been defined as a separate retail parcel because 
of the particular equipment loads unique to this typ2 of store. 
Energy end use modes are identified for both on-site and 
transportation activities, and the concepts for development 
of an energy analysis procedure as it relates to.the;e end 
use modes are discussed in the following. sections. 
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b. Commercial Land Uses. Commercial land uses fami-
liar to the community planner have been defined in the 
previous section. In addition to the parcels identified 
there, food stores have been defined as a separate retail 
parcel because of the particular equipment loads unique to 
this type of store. Energy end use modes are identified for 
both on-site and transportation activities, and the concepts 
for development of an energy analysis procedure as it re­
lates to these end use modes are discussed in the following 
sections. 

(1) On-site Energy Uses 

(a) Specification of end use modes. The 
energy end use modes associated with commercial 
land uses are identified in Table 59. As in Table 
45 for residential end use modes, all specific 
combinations of parcel, activity, equipment, and 
energy source are not listed. However, all com­
binations, or EUMs, can be derived from the hori­
zontal row groupings of parcel, activity, equip­
ment and fuel. Ten parcels have been identified 
which should be utilized at the energy analyst 
level. Only the food store and the mall-type 
retail categories differ from the planner's 
available disaggregated data base. This addi­
tional data will probably require a limited survey 
of buildings. 

Seven activities within the commercial 
land use category have been identified. Two of 
these are limited to a few parcels in terms of 
s i g n i f i cant en e r g y use . Food prep a rat i o :1 i s 
significant only in restaurants and hotels and 
motels. Food storage is a significant activity in 
food stores, as well as restaurants, hot2ls and 
motels. A third activity, space cooling, is not 
considered to be significant in one parc2l type -
warehousing. All other activities (space heating, 
water heating, lighting, and other appliances) are 
considered in all parcels. 

Equipment is a very important factor 
in commercial building heating and cooling. The 
multitude of distributi6n system types in commer­
cial buildings (see Table 60) with vastly differ­
ent efficiencies is a major problem in determining 
energy use. Some systems will use two or three 
times as much energy as another to meet the same 
heating or cooling loads (Ref. 1). In addition, 
the percentage of outside dir used in heating or 
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TABLE 59. 

Pa re,· 

Fo(,d '.:->tores 
', ni d I 1 R e t a i 1 
Lat q1- Retai I 
Mall-fype Retail 
R e '.: t a u r a n t " 
Wi11·ehuus in'J 
L o v1 - R i s e ll f f i c e 
Hi,,h-lhse Office 
I. o >-, - R i s P H u t e I / M o t e 1 
lli,,h-RisP !lotel/Mc,tel 

1· 01,cl ',tores 
Smt1llRetail 
I r1 r ri e I( Pt a i l 
Mct:1-;vrie Retail 
Re·taurant<, 
L O ,,1 - /{ I s f' 0 f f i C e 
H i 'I h - !{ i s c r1 ff i c e 
l.011-RisP llotr>l/Mutcl 
Hi 1 1h-RisP Hotrl/Motel 

Fo,,d '>ton,,; 
S m , 1 l I( e t <1 i l 
La,qp Ret.,1il 
Ma:l-TypP Retail 
f{e·taurants 
Wa, 0huusi,1q 
Lo·.-Ri'P 11ffice 
Hi,.h-Ri<;e OfficP 
Lo·,: - P i s r H ,J ti' 1 /Mo t c l 
Hi ,h-Risc Hotel/'. 1·.t•·l 

F o, ,! '>to re,, 
S111 I i 1 1-: (' t. di l 
I_ ,1, ·1 P f, Pt il i I 

Ma,l-1ype f{Ptail 
Re·, tau rant,, 
1.~ d l ,, h () IJ S i !I lJ 
Low - R i ', e G ! f i c e 
Iii· li-l{1se Oflice 
Lo,,-Ri·,e Hotl'l/Mot.cl 
lii· 1h-RisP Hotel/Motel 

Rr taurc1nts 
Lo1-.-Ri·ie ,iut('l<,/Mo~cls 
lli,,h-Rise llotels/Motel•; 

R t' · . t c1 u r il n t ', 
Lol'-Rhe Hotels/Motels 
Hi•;h-Rise llotf,ls/Motel·; 
F (),, d '. c O 1'(1 ', 

F U , 1 d ', t O r' t' S 

Sm Ill '(r>Lt i 1 
l a, q e i< et a i l 
Mail-frpe Retail 
Re t. d u ,· il n t s 
WarehoLJsinq 
Lo 1•, - R i ·, P l1 f f i c e 
Hi , : •1 - ~ i ·, e O ff i c e 
L O \• !; i • e H u t C l / MO t e 1 
H i •1 - i; i s c HJ t e l / M ,1 t e l 

COMMERCIAL ZONE ENERGY END-USE MODES 

Activity __ 

Space Heating 

Sµai:e Cooling 

Domestic 
Water 
Ii eat i rHJ 

food 
Preparation 

1· o o d S tor age 

ll the r 

'\ /J pl id ill r, ', 

F. u r n a c e / B o i 1 e 1· , H e a t ,' 1, 111 r , 
u i ', tr i but Cd : I e Ctr i C R .-, s i s - ' 
: a r. ,: e , Di s tr : ct Servi ct· 
(See Table 6l1 for 

HVf,C System~) 

Window Unit, llectri1 
( c II t r· a 1 , A b s o r p t i o n , H ;c, a t 
Purnr, District Service 
( Sr,~ Tab 1 e h 11 for 

H V A C S y s t e n, s ) 

~-urn ace I ho i l,, r Comb in a ': ion , 
'I e,, t Pump , 1 1; di vi du a 1 :,i ate r· 
fl P a t e r , n i s t 1· i c t S e r v i ,'. e 

F 1 ,; n re , c e n t . 1J the r 

R~nges and Ovens, etc. 

Refriqer<ltors, Freezers 

Other ElPctrical 
A p f' 1 i a n c e s ( V ,1 r i o u ; 
,inri '.>[ecidl tor each 
µarc e 1 ) 
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E. n ~ ,·_.9..Y_ F · · r..rr._____ ______ _ 

L l ('Ct \' i l i t y , iJ 1, i l i ty G ,1 S , 

fuel Oil Dist, llates) or 
i: e r· n - e n e . Re s i d u a l F u e 1 
Oil, roa1 or Other Fuels 
~ t e a 11; , ~1 ;__: t W a t ~ r 

L le ct 1· i c i : y , L :_ i 1 i .__Y Gas , 
' tea:,, , t-4 ct \~ a t t.· r, Ch i ' 1 e d 
W d te r 

flect1·ic·ty, IJ ility Gas, 
f11el Oil (Dist ]late) ,r 
~erosene. Resi, Jal Fu~l 
flil, Coa· and' ther Fuels, 
Steil;;,, fi l t W a 

; 
I 

I 
l 

L I (' (' t I' i [ '.. y 
---~ 

t- l fl Ctr i C i ty , 
O the,. 

I 
I 
I 
I 
I 
I 

( 

I 
i --------, 

IJ ' : 1 i ty Gas, I 

I 

i 
------1 

l e c t ,· i c i t y , S t c· a m , U t i l i t y ' 
Gr1s, Hot Water, ChillPd 
~J il te 1· 

[lectricit;, r;,s 
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TABLE 60. HVAC SYSTEMS 

NUMBER DESCRIPTION 

1 Single Zone Fan System with Face and By-pass Dampers 
2 Multi-Zone Fan System 
3 Dual Duct Fan System 
4 Single Zone Fan System with Sub-Zone Reheat 
5 Unit Ventilator 
6 Unit Heater 
7 Floor Panel Heating 
8 Two-pipe Fancoil System 
9 Four-ptpe Fancoil System 

10 Two-pipe Induction Unit Fan System 
11 Four-pipe Induction Unit Fan System 
12 Variable Volume Fan System and Optional Reh€at 
13 Constant Volume Reheat Fan System 

(c) Accuracy/Reliability. The existing 
algorithm for heating and cooling in office build­
ings has been tested on only a few buildings, 
however, the results of these tests have indicated 
a margin of error of less than ten percent (com­
pared to actual energy usage). Here too, tests 
are still being conducted by the U.S. Army Con­
struction Engineering Research Laboratory.· How­
ever, errors in commercial buildings can be ex­
pected to be greater than in residential struc­
tures if approximations are required in the as­
signment of HVAC systems. A good sample survey of 
system types and amount of outside air utilized 
will tend to keep error margins small in this 
area. 

As discussed in the residential 
land use\ section preceding, the inaccuracy of 
weather tapes applies to commercial buildings as 
we 11 . 

(d) Data Requirements. The heating 
and cooling energy algorithms have the same data 
requirements as those listed for residential 
users, plus the following additions. 

• Schedule of the occupants in 
building is as important as the 
number of total occupants. 

I I - 1 4C 
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cooling system ventilation can vary widely with 
any system used. This factor can be a major 
component of building energy use. Therefore, the 
analyst cannot reliably determine energy use in 
the commercial land use category without identi­
fying, in some way, the types and mix of heating 
and cooling equipment utilized and some approxi­
mation of ventilation air typical in the study 
community. All other equipment selections for 
other activities will have relatively less signi­
ficance with respect to energy use in these build­
ings. Energy source should also be identified in 
the survey of commercial buildings, or from util­
ity company information. 

(b) Development of Energy Demand Ratin-92.. 
and Unit Profiles. Energy demand 

ratings associated with commercial land uses will 
be based on a unit square foot of floor space for 
all EUMs (with the possible exception of the hotel 
and motel group which would be on a per room 
basis). Those demand ratings and use profiles 
dependent on weather data will be derived in a 
fashion similar to that described in the preceding 
section on residential land uses. The same metho­
dology for heating and cooling algorithms will be 
utilized in application to commercial buildings. 
The existing algorithm is currently applicable to 
office buildings and food stores. Development 
work will be required to fashion the procedure to 
other types of commercial buildings. 

Occupancy and operational sch,~dules are 
more important in commercial tJtfan in re~;idential 
buildings. Also, energy conservation and mdnage­
ment alternatives will include variation of operat­
ing schedules in commercial establishments. The 
flexibility to alter these schedules wi il be 
provided in the energy use profile algo~ithm. 

The other acti vi ti es as soci a t,~d 
with commercial land uses are also depe1dent on 
the occupancy and operations schedules, including: 
lighting, water heating, food preparatiJn, and 
other appliance usage. Only the food storage 
activity is somewhat independent of the3e sched­
ules. The unit profiles for these acti1ities will 
be developed as a function of building Jccupancy 
or opera ti on al le v e 1 , based on ty pi cal :) u i 1 di n gs 
of each type. The flexibility to alter these 
profiles or substitute others will be available to 
the user. 
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• The type of HVAC system is very 
important. In addition, the per--
centage of circulation air which is 
supplied from outside the building 
must be specified. 

• Type of lighting and lighting usage 
schedule. 

All other data requirements for-appliances, liJht­
ing, and other equipment is similar in type to 
those described in the residential land use sec­
tion. 

( 2 ) I.!..~r:i s__p o r t a t i o n E n e r g y U s e s • A s d i s c u s s e d 
under the residential category, the transportation 
energy use within a community will be developed by 
analyzing the following travel activities: 

• Home-based travel 
• Nonhome-based travel 
• External travel 
• Truck travel 

Home-based travel was considered under the 
residential category and energy use was determine on a 
parcel basis. The energy use for nonhome-based travel, 
external travel, and truck travel will be established 
using community wide statistics. The procedure is dis­
cussed under the commercial sector even though it 
covers travel that is also related to the other par­
cels. 

( a ) S p e c i f i ca t i o n of _ E n d U s e Mode s_. Tab 1 e 
61 defines the transportation EUMs for the non­
residential based trips - nonhome based travel and 
truck travel. 

T a b 1 e 6 2 de f i n e s t he t r a n s po r t a t i o n r· U M s 
for external travel. 

( b ) D e v e 1 o p me n t o f E r1_ e r g y D em a n d R a t iJl.g_ 
and Unit Profiles. As discussed under 

the residential section, the total energy used per 
unit of time can be expressed as: 

TE = f(EF, TC) 

TE ::: Total Energy per Unit of Time 

EF ::: En e r~JY Factor 

TC = Travel Characteristics ( VMT) 
per unit of time. 
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TABLE 61. TRANSPORTATION END USE MODES 

SECTOR PARCEL ACTIVITY EQUIPMENT ENERGY 

Non-residential Non-Home Based Auto Gasoline 
.,...._ 

Non-Home Based Auto Electric 

Non-Home Based Auto Diesel 
,-

Freight Light Truck Gasoline 

Freight Light Truck Diesel 

Freight Light Truck Electric 

,r- Freight Heavy Truck Gasoline 

Freight Heavy Truck Diesel -
,-. 

TABLE 62. TRANSPORTATION END USE MODES 

,- SECTOR COMPONENT ACTIVITY EQUIPMENT ENERGY 

External External Auto Gasoline 
,-

Externa 1 Auto Diesel 

- Externa 1 Bus Gasoline 

External Bus Diesel 

External Truck Gasoline 

Externa 1 Truck Diesel 
,-
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Energy Factors for different transf)O:'­
tation modes were discussed previously under tne 
residential sector and examples of these factoi·s 
were given in Tables 49, 50, 51, 52. 

A set of EFs will be developed for 
different modes under varying conditions. 

The data related to trip characteristics 
expressed as vehicle miles of travel (VMT) for 
nonhome-based travel, truck travel, and externdl 
travel should be available in areas of 50,000 
population or greater. 

For those communities that do not have 
the data, default values will be supplied. 

Much of the information related to VMT, 
trip length, auto occupancy, etc. presented under 
the residential category is applicable to those 
purposes. 

Mean percentage values for the three 
purposes being considered as a percentage of total 
vehicular trips will be presented. {See Table 46 
in the residential sector. 

Also, a study prepared for the Depart­
ment of Transportation is the development of the 
Transportation Resource Allocation Study (TRANS) 
developed trip generation equations for the non­
home based travel or national statistics. Infur­
mation was also developed in that study ~o cal­
culate other travel purpose trips. 

(c) Feliabili~y/Accura_f1_. See the resi­
dential sector for a discussion on reliability 

(d) Data Requirements. See the residential 
sector for a discussion on data requirements. 

c. Institutional Land Uses. The classification of 
l a n d U S e S W i t h i n th i S V e r y b r O-ad C a t e g O r y i S n O t V e r y d e -
tailed. Some of the land uses in this category are large 
energy users on a unit basis, such as hospitals, b~t this 
entire category represents a small portion of the communi­
ty'~ total energy use. Generalization and approximation 
within this category, therefore, has a reduced impact on the 
calculation of total comm4nity energy use. 
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Within this land use category are building types 
which are sometimes municipally owned and/or operated. 
These buildings have a special significance to community 
energy-use planners, since the activities within these 
buildings can be readily controlled by government action. 
Although these municipal buildings are described in terms of 
end use modes no differently than non-public buildings of 
the same type, they will be identified in the model input 
and output in order to emphasize this immediate control to 
the user. 

As in the preceding sections, energy end uses have 
been divided into two categories: on-site and transporta­
tion energy end uses. 

(l) On-site Energy Uses 

(a) Specification of EUM. On-site energy 
end use modes associated with institutional land 
uses are identified in Table 63. Specific end use 
modes are combinations of any parcel, activity, 
equipment and energy source on a horizontal row. 
Nine parcels have been listed; the two most signi­
ficant ones in most communities are schools and 
hospitals. Public office buildings may also be 
important energy users in some communities. These 
offices will be handled in the Energy Analysis 
Procedure just like other office buildings in the 
commercial section, preceding, except that their 
energy uses will be listed separately for the 
convenience of the user. 

Seven activities have been ide1tified 
for energy use in these facilities: spa:e heat­
ing, space cooling, water heating, lighting, food 
preparation, food storage and special. ·,-his last 
category is a catchal 1 for special energJ uses 
peculiar to these rather diverse parcels. 

The equipment and energy forms utilized 
in the EUMs are similar, in general, to :hose in 
the commercial land use category. The exceptions 
are in the special energy use activities asso­
ciated with these EUMs. 

(b) Development of energy demand ratings 
and unit profiles. Energy demc1nd 

ratings for these EUMs will be based on different 
units of measure because of their divers· ty. 
Energy use per hour per unit square foot of floor 
space will be the basis for energy demand ratings 
for: museums and libraries, social halls, reli-
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TABLE 63. INSTITUTIONAL END USE MODES 

_Parcel -~--A_c_t 1_· v i.!L_ 
Space Heating 

EquiQment 
---· -1 

-~-~E~n~orni~~-~-----~-
rlospitals 
Police/Fire Stations 
Public Office Buildings 
Schools 
Religious Institutions 
Social Halls 
Auditoriums and Theaters 
Museums and Libraries 
Arenas (in door) 

--- ~ ·----- --- - ----

Hospitals 
t Police/Fire Stations 

Public Office Buildings 
Schools 
Religious Institutions 
Social Ha 11 s 
Auditoriums and Theaters 

1 Museums and Libraries 
Arenas (in door) 

Hospitals 
Pnlice/Fire Stations 
Public Office Buildings 
Schools 
Religious Institutions 
Social Halls 
Auditoriums and Theaters 
Museums and Libraries 

1 
Arenas ( in door} 

r-- . l Hospita s 
Police/Fire Stations· 
Public Office Buildings 
Schools 
Religious Institutions 
Social Halls 
Auditoriums and Theaters 
Museums and Libraries 
Arenas (in door) 

I Stadia 

l~~ospitals 
S<:hoo 1 s 
Arenas (in door) 
Stadia 

Space Cooling 

Water Heating 

Lighting 

Food Preparation 
Food Storage 

Furnace/Boiler, .Heat Pump, 
~istributed Electric Resis­
tance, District Service 
(See Table 60 for HVAC 
Systems) 

Window Unit, Electric 
Central, Absorption, Heat 
Pump, District Service 
(See Table 60 for HVAC 
Systems) 

Furnace/Boiler Combination, 
Heat Pump, Individual Water 
Heater, District Service 

Fluorescent, Other 

Ovens, Ranaes, etc. 
Refrigerators, Freezers 

Electric, Utility Gas, Fuel Oil (Distillate) 
or Kerosene, Residual Fc1el Oil, Coal or 
Other Fuels, Steam, Hot Water, Chilled Water 

Electricity, Utility Gas, Stea~. Hot Water, 
Chilled Water 

Electricity, Utility Gas, Fuel Oil (Distillate) 
or Kerosene, Residual Fuel Oil, Coal and 
Other Fuels, Steam, Hot Water 

-----~-·---~-- -- ~ ---- - -
Elect.ricity 

t.lectricity, Utility Gas, 1.1i:.ner 

Hospitals Special Particular to the Parcel Electricity, Utility Gas, Fuel Oil 
Polic/Fire Stations (Distillates) or Kerosene, Residual 
Public Office Buildings Fuel Oil, Coal or Other Fuels, Steam, 

I 

.~ 

! 

Schools Hot Water, Chilled Water , 
Religious Institutions i I 
Soc i al Ha 11 s i / 
Auditoriums and Theaters ! 
Museums and Libraries · 1 

Arenas (in door) , 
1 

! 
'- ____ _J__ ___________ L____·__ _ _______________ J 
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gious institutions, police and fire stations, and 
public office buildings. Schools will use the 
number of students as a measure, while hospitals 
will use the number of beds available for pat­
ients. Arenas, stadia and auditoriums and thea­
tres wil use seating capacity as a unit measure 
for demand rating. 

Demand ratings must be determined for 
each of these EUMs from survey of existing faci­
lities and their energy use. This will entail a 
significant data collection task. 

Unit profiles of space heating and 
cooling activities will be determined using al­
gorithms similar to those discussed in the resi­
dential and commercial sections. Profiles for 
other activities will be closely associated with 
the occupancy and operational schedules of most of 
the parcels (e.g., auditoriums and theaters). 

(c) Accuracy/Reliability. The energy use by 
space heating and cooling activities can be as­
sessed in these EUMs with a confidence level 
similar to commercial structures. The other 
activities can be evaluated with reliability, 
also, if the proper data is provided by the user. 
For instance, to assess the lighting energy at a 
stadium, the number of events which take place at 
the stadium at night is a critical input. Special 
activities will probably be the most difficult to 
evaluate. The accuracy of the EAP in i1stitu­
tional facilities is heavily dependent Jn the user 
providing good, detailed data. 

However, energy use by this e1tire land 
use category is expected to be a small )ortion of 
the total community's energy use. Ther~fore, a 
significant error in the assessment of 1 small 
portion of the total energy results in .1 smal 1 
error at the community level. 

(d) Data Requirements. The data nequired 
for use of the heating and cooling ener,Jy algor­
ithms is similar to that required in th,~ commer­
cial land use category. Other data reqJirements 
are prirnari ly the identification of sch1;dules of 
opera ti on or o cc up an c y . · Schoo 1 sch e du l 1; s , re 1 i -
gious and social events are significant factors in 
determining hourly end use profiles for these 
E UM s. 
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The task of data collection on this 
project for the institutional land use category 
should be concentrated on two parcels: hospitals 
and schools. Other parcels (with the exception of 
public office buildings which will be handled like 
any other office building) are either small energy 
users, or are very community specific (schedule of 
events, etc.), or both. For community specific 
data, the user will be required to provide the 
data. The procedure must provide guidance on what 
data to collect and how to use it. 

(2) Transportation Energy Uses. See the commer­
cial sector for a rliscussion related to transportation 
energy use. 

d. Transportation, Circulation. As was mentioned in 
section C which discussed physical characterization, this 
particular land use is the most complex factor affecting 
community physical form. This is because it is comprised of 
many networks of activities such as roads, utility lines and 
rights-of-way; solid or wastewater collection routes, as 
well as network junctions or staging areas such as parking 
facilities or terminals, waterworks or waste treatment 
plants. It should be pointed out that the transportation 
land use does not include what the layman might expect, and 
that is use of vehicles such as cars, busses, trucks, rapid 
transit, and the like. As discussed in previous sections, 
for the purposes of this study, transportation is considered 
as an activity which is associated with certain trip-gene­
rating parcels, such as residences, businesses, etc. It is 
not treated under this land use category, as no unique trips 
are generated by land uses in this category. 

Fiscal accountability, within this end use cate­
gory, is also complex in that the parcels in this land use 
are owned by either private enterprise or governmental 
authorities. This poses a problem unless the government or 
municipally operated parcels can be identified. This iden­
tification will be necessary in order to assess policies 
affecting the government controlled parcels. Although 
municipally operated parcels span several land use categor­
ies, they will be able to be identified within each land use 
category for ease in implementing policies at the municipal 
level. These policies are usually of the immediately imple­
mentable type and are of considerable importance to the 
planner. 
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(l) Specifications of EUMs. Table 64 lists the 
EUMs applicable to the Transportation Circulation land 
use category, from the Parcel to the Energy form. It 
should be noted that utility lines and similar rights­
of-way are listed as EUMs although they in themselves 
do not use energy. They are included so that a com­
plete accounting of land uses within a community may be 
obtained . 

(2) Development of Unit Profiles. Each of the 
EUMs listed in Table 64 will be discussed in detail by 
parcel. Specific description of the EUM will be given 
including a description of its demand rating and its 
demand profile over time. 

(a) Water Works. Besides the normal heat­
ing, cooling, and domestic hot water production 
demands which apply to all buildings, the Water 
Works specializes in water pumping along with 
other activities such as dry feeding, flocculat-
ing, mechanical mixing, air compressing, and . ~ 
miscellaneous electrical services. No matter wh~~ 
the a c t i v i t y ( ex c e p t m i s c e 1 1 a n e o u s s e r v i c es ) the· · · 
equipment prime movers for the activity are all 
electric motors of varying sizes. Thus, equipment 
is specified as motor horsepower and the EUM 1 s 
demand rating will be a function of the total 
motor horsepower at a given Water Works. This 
function is given by the equation. 

Demand Rating (kW) = Motor Horsepower 
(HP)x . 746 (kW/HP) 

The motor horsepower for any treatment ficility is 
ea s i 1 y ta ken off the p 1 an s and schema ti c ~. for the 
facility. These should be accessible to the 
planner through his city engineers' office. 

Becaus·e motor horsepower reflects both 
motor and specific pump efficiencies, it matters 
not whether the pumps are impellor, propeller, 
c e n t r i f u g a 1 , o r o t h e r w i s e . D em a n d p r o f i ·: e s o f t h e 
Water Works will closely parallel the corimunities 
water demand profile. Typically, as wat,~r is 
demanded, the head is lowered. This low,~red head 
of water triggers the pumps to fi 11 the 1·eservoi r 
and thus the demand for energy. The s i 21~ of 
reservoirs is greatly from location to location 
and thus the reliance on pumps varies. :tis 
because of this that water consumption wt1s not 
chosen as the indicator of energy use. Water 
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TABLE 64. END USE ~ODES ASSOCIATED WITH LAND USES 
IN THE TRANSPORTATION 2 CIRCULATION CATEGORY 

Pa reel Activity Equipment Energy 

a Water Works Pumping Motor Horsepower Electricity 
b Water Works Dry Feeding Motor Horsepower Electricity 
C Water Works Flocculating Motor Horsepower Electricity 
d Water Works Mechanical Mixing Motor Horsepower E 1 ectri city 
e Water Works Air Compression Motor Horsepower Electricity 
f Water Works Misc. Services Electricity 
g Waste Water Collection Pumping Motor Horsepower Electricity 
h Waste Water Treatment Pumping Motor Horsepower Electricity 
i Waste Water Treatment Mechanical Mixing Motor Horsepower Electricity 
j Waste Water Treatment Sludge Processing Motor Horsepower Electricity 
k Waste Water Treatment Sludge Processing Reactor Natural Gas -- l Waste Water Treatment Sludge Processing Incinerator Natural Gas 

I m Waste Water Treatment Misc. Services Electricity ...... Roads Street Lighting Incandescent Filament Electricity u, n 
0) 0 Roads Street Lighting Sodium Vapor Electricity 

p Roads Street Lighting Mercury Vapor Electricity 
q Roads Street Lighting Fluorescent Electricity 
r Solid Waste Disposal Sanitary Land Fill Motor Horsepower Electricity 
s Solid Waste Disposal Composting Motor Horsepower Electricity 
t Solid Waste Disposal Incinerating Motor Horsepower Electricity 
u Solid Waste Disposal Incinerating Furnace Gas 
V Solid Waste Disposal Incinerating Furnace Qi l 
w Terminals Space Heating Unspecified Various 
X Terminals Space Cooling 
y Terminals Water Heating 
z Terminals Lighting Fluorescent Electricity 
aa Terminals Other Electricity 
bb Parking Facility Lighting Fluorescent Electricity 
cc Utility Right-of-way 
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Works of similar water output could have consid­
erably different energy demand ratings. 

(g) Waste Water Collection. As with the 
Water Works, Waste Water Collection involves 
pumping. Whether the system involves positive 
pressure or vacuum drag, the prime mover is an 
electrical motor and motor horsepower determines 
the demand rating. Again, motor horsepower power 
should be easily accessible from the city engin­
eers' office. Depending on the location of the 
waste treatment plant, the demand profile for the 
collection pumps will lag the water demand profile 
by a certain amount. 

(h-m) Waste Water Treatment. A wastewater 
treatment plant is in much the same way described 
as the water works. There are pumping require­
ments and mixing requirements. Beyond these there 
are sludge processing requirements such as cen­
trifuging, and vacuum filtration to separate the 
sludge from the water. These are also governed by 
motor horsepower and utilize electricity. Once 
the sludge is separated, it can be burned in an 
incinerator or oxidized in a reactor. In both 
cases natural gas is the form of energy which must 
be supplied. Depending on where the Waste Water 
Treatment Plant is located, the demand p:ofile 
could vary considerably from the water usage 
profiles. 

(n-q) Roads. The only energy used )Y these 
rights-of-way is in the form of lighting. Streets 
are lighted by four types of lamps, inca1descent, 
sodium vapor, mercury vapor, and fluores:ent. The 
distinction is made because of the relative effi­
ciencies of each lamp. Demand profiles ·vill 
usually vary as dusk to dawn varies annu1lly and 
by region. The profile may also depend Jpon 
cloud cover and other weather factors if a com­
munity's lights are triggered by outside photo­
electric cells. 

(r-v) Solid Waste Disposal. Sanitary land­
fills are not usually energy intensive with the 
exception of the tracked vehicles necessary to 
move the fill and earth. However, some landfills 
utilize 5hredders and grinders or some other sort 
of hammermill to homogenize the composition of the 
fill before it is covered. Compactors are also 
used when space is of concern. Both these types 
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of processing utilize electricity although the 
compactor could be a gas driven hydraulic arrange­
ment. Demand profiles will usually be uniform 
throughout the business day, but could peak if 
deliveries are not carefully planned. 

Composting is generically more energy 
intensive than landfills but produces a useable 
product while reducing the volume of waste to be 
disposed. Primary equipment consists of a con­
veyor system for moving the waste from one point 
to the other, a shredder/grinder to reduce the 
size of the waste to a consistent quality as well 
as increase surface area to facilitate composting, 
a digestor which oxidizes the waste, and a mag­
netic separator. All of these equipment utilize 
electrical energy. The demand ratings are again 
defined as a function of motor horsepower. Demand 
profiles are relatively uniform as typical com­
posters have a holding area for incoming solid 
waste and an inventory usually exists. 

Solid waste can also be incinerated. 
Although the solid waste itself combusts, the 
process is aided by auxiliary fuels such as gas or 
oil to keep the temperatures high. Besides the 
furnaces, electrical power is used· to transport 
the waste at various stages. As before, the 
demand rating is a function of motor hbsepower. 
Demand profiles are also uniform and are similar 
to composting. 

(w-aa) Terminals. As was stated earlier, 
terminals can be considered rodes of the network. 
Their energy use is similar to those types of 
buildings described in the commercial land use 
category. In fact, the algorithms developed in 
the commercial category will apply completely to 
terminals. 

(bb) Parking. A parking facility is similar 
in concept to the terminal, although parking is 
not considered a building. The only energy used 
in parking is for lighting. This is generally 
fluorescent, but the other types used in general 
street lighting could apply. As with street 
lighting, a dusk to dawn profile could exist, but 
in parking garages, a more uniform profile might 
also be the case since the only light available is 
through artificial means. 
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(cc) Utility Right-of-way. These p.1rcels are 
of the type that typically demand no eneAgy, but 
are included so as to give the planner a complete 
set of descriptions for the community. 

(3) Reliability of Accuracy Expected. In gen­
eral, the accuracy of the algorithms will be a function 
of the accuracy of the input data. If nation1l aver­
ages or default values are used, the accuracy obtained 
will be guided by the amount that the community dif­
fered from that average. The accuracy will also depend 
upon specific characteristics of the individual EUMs. 
The following paragraphs discuss these specifics. 

(a-f) Water Works. Water usage fluctuates 
according to climate and time of day. Accuracy 
will depend upon determining these factors at a 
given location. Demand rating accuracy, given the 
correct amount of motor horsepower, is exactly 
accurate. 

(g) Waste Water Collection. These parcels 
are subject to the same accuracies as (a-f). 

(h-m)Waste Water Treatment. These oarcels 
are subject to the same accuracies as (a-f). 

(n-q)Roads. If the number of street lights 
can be determined then their demand can be cal­
culated exactly. Demand profiles will be accurate 
to the degree of input accuracy. 

(r-v) Solid Waste Disposal. Energy use is 
largely dependent upon the specific cont~nt of the 
waste. The more th·e content varies from the 
design value of the plant, the more the ~nergy use 
will vary. 

(w-aa) Terminals. Less work has been don~ in 
this parcel than for parcels in the Commercial/ 
land use category. Accuracies should be consis­
tant with those described in the Institutional 
Land Use Category. 

(bb) Parking Facility. These parcels are 
subject to the same accuracies as (n-q). 

(cc) Utility Rights-of-way. There are no 
accuracies involved in these parcels since gener­
ically no energy is used. 
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(4) Developmental Data Requirements, Locational 
Calibration, and Parametric Use. Each EUM 

will be addressed in two parts. The first part being 
the demand rating, and the second part being the demand 
profile. 

(a-f) Water Works. Whenever motor horsepower 
is given, the conversion is .746 Kilowatts per 
horsepower. Hourly profiles will vary according 
to time of day, location and size of service. 
Profiles, however, peak in the morning around 10 
and in the evening around 8. The Residential 
Water Use Research Project (RWURP) has generated 
many profiles which reflect various conditions. 
Figure 22 depicts the range of water demand on 
maximum and minimum days from the RWURP. 

These profiles will be used until they 
can be refined by more data during the demonstra­
tion and PON phases. Verification and calibration 
will be accomplished by comparing daily and monthly 
water works records with those estimated by the 
physical parameters. A preliminary check reveals 
that water works plants keep records of power 
usage consistent with the EUM breakdown and should 
be easily verified. Figure 23 shows what type of 
information is available on a process flow diagram 
while Figure 24 is typical of energy account­
ability at the water works. As the accounting 
ledger, Figure 24, shows, the usage and dollar 
value of energy is generally available for a 
variety of the specific activities which consti­
tute the EUMs in this land use ·category. 

(g) Waste Water Collection. Pumping for 
wastewater collection is based upon motor horse­
power and will be handled as stated above. Hourly 
profiles will be more difficult to obtain because 
many stations have a small holding tank and pump 
only when at a certain level. The profile is also 
extensively dependent upon the sewer location. 
Initially, sewage collection profiles will be 
based on water usage with peaks in the morning and 
evening with local verification expected to con­
tribute heavily to the summary of the profile. 
Luckily, the power consumed by the pumping station 
is small and so the impact may be also. 
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Figure 22. Daily Water-Use Patterns 

(h-m) Waste Water Treatment. The discussion 
above on the Water Works (a-f) applies here. 
Demand profiles will be verified from actual data 
in the demonstration phases. 

( n - q ) R o a d s . I n c a n de s c e n t w a t ta g e '.; pa n s a 
considerabler°ange and thus the demand rating 
will be the average. The figure will be verifia­
ble at the planners level and should be updated 
to reflect the local area's inventory. J\ll other 
types of lamps are fairly narrow in rang,~ of 
wattage although the local verification ·;till 
applies. Hourly profiles will vary betw~en locales 
but is generally dusk to dawn on cycle. Verifica­
tion of the community level is facilitatad by 
the fact that street lighting billing is a separate 
entity. 

(r-v) ~olid Waste Disposal. Demand ratings 
for incinerating will be based upon the capacity 
of the solid waste disposal site. This nay vary, 
but a range will be established which woJld cover 
the sizes encountered. With the exception of 
incinerating, all demands are based upon motor 
horsepower and will be handled as described above 
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in (a-f). Hourly profiles will be on a shift 
basis with some reduction for start up and shut 
down. Verification is possible on the local level 
for both demand rating and profiles. 

(w-aa) Terminals. Data requirements and 
verification will be similar to those developed in 
the Institutional Land Use section. 

(bb) Parking Facility. This parcel has 
similar concerns to those which were covered in 
(n-q). 

(cc) Utility Rights-of-way. There are no 
present data requirements for this parcel. 

e. Open Space. The fifth land use category addres­
sed in this study is open space. Parcels within this cate­
gory include preserves, parks, undeveloped land, water 
covered land, etc. There have been no EUMs associated with 
these parcels. This category has been included mainly to 
allow the user to develop a complete specification of the 
community's land. 

It should be noticed, in this context, that in 
t h e · a n a 1 y s i s o f o p t i o n s , o n e 1 a r g e c l a s s o f o p t i o n !; to b e 
considered is methods of developing currently undeveloped 
1 and. I n such a case , this 1 and w o u 1 d be II converted, 11 for 
analytical purposes, to parcels which do have EUMs. How­
ever, in that situation, the subject land would be trans­
ferred to a different land use category. 

f. Special Land Uses. This land use category in-
cludes parcels which do not fit into any of the other cate­
gories. The most important of these, from an energy use 
perspective, is industry. Some work has been done to 
date on establishing annual energy usage on a non fuel 
specific basis for two digit SICs. Little to no work has 
been done in determining fuel specific hourly profiles for 
two digit SICs. During the data collection phase gather­
ing, this data will be attempted. Because there is little 
or no data from which to build on and thus increase the 
accuracy, these initial data gatherings should be supple­
mented by further efforts including further PONs and other 
demonstration opportunities. 
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3. Demand Profile Amplification and Aggregation Method 

a. Nature of the Problem. The focus of Energy Analy-
sis Procedure (EAP) is on the End Use Modes (EUM). An EUM, 
here, refers to the generic type of energy demand at the 
lowest level of aggregation. For instance, the energy 
demand for domestic hot water in any single family detached 
dwelling unit by an electric water heater is an EUM. The 
tentative number of EUMs listed for consideration in EAP is 
somewhere in the area of 400 to 500 for the community sizes 
of interest to the this project. 

In a community of 50,000, for example, there may 
be thousands of SFD units with electric water heaters. The 
development of load profiles for every water heater is 
impractical and certainly unnecessary because of the main 
characteristics of EUM is the homogeneity of all the end 
uses within the mode. In other words, every end use within 
any EUM is typical of the end uses within that mode. This 
implies that the load profile for a typical end use within 
an EUM can be amplified to represent all the end uses 
collectively. The problem would have been very simple if 
all end uses within each ELIM had identical demands at every 
point in time. Street lighting is a good example of this 
case. The total load is the sum of all the connected loads 
(the lights). This case is, however, an exception. In 
almost all other cases energy demands from various end uses 
within an ELIM do not necessarily coincide in time. The 
clothes drying load is a simple example. All the SFD units 
with similar clothes dryers do not necessarily use their 
dryers at the same time. Hence, the demand from ePd uses in 
general have a random coincidence in time. Conseqwently, 
simple amplification, as in the case of street ligrting, is 
no longer valid. A capability for amplification of any EUM 
load profile is an integral part of EAP. The follc,wing is a 
review of alternative methods of load profile amplification. 
The methodology selected for inclusion in EAP will be 
discussed in more detail later in this section. 

b . Methods of Profile Amplification 

(1) Econometric Approach. In an economt!tric 
approach the amplified load profile is estima·:ed di­
rectly using historical data. The weather model used 
by utility companies is a good example. In a weather 
model the system weather sensitive load (cool'ing · 1oad) 
is related to the air conditioning saturation level and 
weather data (see Appendix A, Section F). In general, 
for any EUM the amplified load profile can be related 
to the number of end uses, the connected load;, and the 
use pattern. The functional relationships maJ be 
evaluated by statistical methods. 
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(2) Diversity Factor. Diversity factor is a 
constant multiplier which represents the extent to 
which demands from various end uses coincide. It is 
the ratio of amplified load to the sum of connected 
loads. A diversity factor of one (1) corresponds to 
100 percent coincidence of demands from all end uses. 
For other cases the factor is less than one. Diversity 
factor, in a sense, is the percent frequency of obser­
vation of demand from a given end use at a particular 
time. The product of the diversity factor and demand 
is the expected (or average) load for the end use. A 
plot of expected load over an appropriate time cycle (a 
day or a week) is an average load profile generally 
referrred to as a diversified profile. In practice, 
the diverisified load profile for any EUM is obtained 
by averaging a sample of observed demand profiles. The 
typical load profile is then directly multiplied by the 
number of end uses to obtain the amplified load pro­
file. This methodology has been used in engineering 
models. For instance, the Energy System Optimization 
Program, (ESOP), developed for the MIUS Community 
Conceptual Design Study, applies di·versity factor to 
base electric load profiles. 

(3) Probabilistic Approach. The demand profile 
of any EUM is the time history of application of the 
respective end use equipment. Since the incidence of 
the demand is random, the demand at any point in time 
is a random variable. In a probabilistic approach the 
amplified load is derived as the sum of random demands 
from all end uses within any given EUM. 

Among the various amplification methods, the 
econometric approach is not applicable to EAP because: 

• it requires substantial aggregated data 
for each EUM, which generally do not 
exist, 

• an econometric model is only va~id for 
t h e p a rt i c u 1 a r g r o u p o f e n d u s e ~; f o r 
which the model is evaluated, 

• model coefficients require re-evaluation 
of any significant change in thf char­
acteristics of the explanatory vari­
ables. 
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The latter implies that the class of econo­
metric models are not suitable for evaluation Jf con­
servation measures required from the CCP. 

The method of diversity factor was also 
rejected because the probabilistic method is superior 
and does not require undue excess efforts. The demand 
of an EUM at any arbitrary time is a random quantity 
due to the randomness inherent in application of end 
use equipment. The method of diversity factor gives 
only a point estimate for the amplified load while a 
probabilistic approach leads to the probability dis­
tribution of the amplified load. Indeed the diversity 
factor method can provide only part of the information 
that can be obtained via a probabilistic approach. 

It should also be emphasized that a random 
model can be easily transformed to an expectec value 
model by freezing every variable at its mean ~alue. 
Therefore, one can easily go from a probabili~tic model 
of amplification to a diversified load model·, but the 
reverse is not always possible. The probabilistic 
model of load amplification is discussed in the follow­
ing section. 

c. Probabilistic Model of Load Profile Ampl~fication. 
The EU M demands , except for s om e i n du s tr i a l pro c es ~, es , are 
discrete loads, in general, independently and randomly 
distributed over some appropriate time cycle. For example, 
consider the heating load of a commercial building in a 
given winter day. The load profile is described by the 
intermittent operation of the heating equipment in response 
to the change of temperature in the building. Ano·:her 
example is the clothes drying load of a household. It will 
occur as a discrete load for the period of the dry?r cycle 
at various times during the week. In the first ex1mple the 
use pattern of the heating equipment is described )Y the 
building heat losses. In the second example the u;e pattern 
is described by the way the household operates. I~ general, 
the load profile of a single end use at any arbitrary time, 
t, can be represented by a random variable z(t) su:h that 

z(t) = cx(t) ( l ) 

In equation (1), c is the connected load (or rated input) of 
the end use equipment and xis the indicator function des­
cribing the use pattern of the equipment. x, in general, is 
a random variable which takes on values between zero and 
one. If the end use equipment operates only as on or off, 
then xis indeed a zero-one variable. If the equipment is 
operated at various load levels (e.g., a kitchen range) then 
x takes on the percentage of the maximum load. 
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Since there are numerous EUMs for the purpose of 
bookkeeping it is necessary to define the following indices: 

Symbol 

s 

j 

r 

k 

f 

m 

Definition 

Index of parcel type, e.g., single family 
detached dwelling units, multi-family low 
rise, shopping centers, etc. 

Index of activity, e.g., heating, cooling, 
domestic hot water, street lighting, etc. 

Index of equipment type, e.g., heat pump, 
resistance furnace, etc. 

Index of end use equipment size (or rate of 
input), e.g., small size dryer, window air 
conditioner, large freezer, etc. 

Index for energy form, e.g., oil, gas, 
electricity 

Index of end uses within any feasible com­
bination of rand k. In other words, m keeps 
record of the end uses within any EUM, e.g., 
if there are 100 forty-gallon electric water 
heaters in SFD dwelling units, then for 
this group of end users m = 1, 2 ..... 100. 

Using these indices then equation (1) can be written as 

( 2 ) 

where z is the energy demand from end use m, for the acti­
vity j, end use equipment of typer, size k, and fuel type 
f, utilized in parcel s, at time t. c is the rated input of 
fuel type f to end use equipment of typer and size kin the 
activity j. x(t) indicates the state of the load (on or 
off) for end use m. 

The load profile for the activity j, in all par­
cels of types is then obtained by summing the demand pro­
file from all end uses over equipment types and sizes, w~ere 
z is the energy demand from end use m of equipment size kin 
equipment typer for activity j in parcel s for fuel type f 
at time t. Then the demand for fuel type (f) in activity j 
in parcel sat time tis: 
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zf.(t) = ~ 
SJ r L ... I: 

k m 
( 3) 

Equation (3) is the random model of load profile amplifica­
tion for any EUM. Clearly the total load profile for all 
fuels (Btu equivalent) can be obtained by using appropriate 
conversion factors and summing the equation over index f. 
In equation (3) xis a random variable for or combinations 
of parcels, activities, equipment types and sizes, and 
fuels, therefore, Z is a random variable. The probability 
distribution associated with random variable is derived 
next. 

d. Probabilit Distribution Function of the Am lified 
Load Profile. The additive form of equation 3 suggests 
application of characteristic functions for encoding the 
probability distribution of z. Characteristic functions as 
transform functions have unique convolution properties for 
addition of independent random variables. That is, the 
characteristic function for the sum of n independent random 
variables is the product of their characteristic functions. 
Let¢ (u) represent the characteristic function for random 
variable x, then if 

y = X 
1 + x2 + .... + xn ( 4) 

where all x's are independent random variables the charac­
teristic function for y, ¢Y(u) can be written as 

¢ (u) = ¢xl (u) : ¢x (u) ..... ¢x (u) 
Y 2 n 

( 5 ) 

The probability distribution for y then is obtained by in­
version of its characteristic function¢ (u). The charac­
teristic function for any random variabl~ xis defired as 
follows 

cpx(u) = E [eiux] ( 6 ) 

= J
00 

eiuxf(x) dx 
co 

where i = -1, E is the expectation operator and u ~s the 
var i ab l e of the transform. Nott~ that f ( x ) is the pt' ob ab i -
l i t y dens i ty fun ct i on for random var i ab l e x . I n v er~. e 1 y , 
the probability density function for random variable xis 

II-169 



is uniquely defined by its characteristic function. That 
is 

fx(x) = 1 
2n 

00 

-iux e ct>x(u) (du) ( 7) 

Hence f(x) can be obtained by integrating equation (7). In 
some cases f(x) may be obtained by inspection from tables 
of Fourier transforms. Mathematically complex character­
istic functions can be inverted numerically with the aid of 
Fast Fourier Transform (FFT) routines. 

Applying the characteristic function to equation 
(3-) yields: 

<Pz f. ( t) ( u) = n TI n 
SJ r k m 

where 

<l>x . (t) (cjrk · u) 
sJrkm 

( 8) 

Therefore, if the probability distribution for x(t) is 
known, then the probability distribution for the amplified 
load Z(t) can be derived from equation (8). 

Xjsm(t) is identically distributed for all m's 
( h om o s e n e i t y o f E U M ) • U s i n g t h i s Q r o p e r t_y , e q u a t i o n ( 8 ) i s 
reduced to 

<Pzf .(t)(u) = rr TI 
SJ r k 

¢x . (t)(u) is the characteristic function for use 
sJrk pattern of a typical EUM and N is the 

number of such EUMs. 

e. Validity and Precision of the Model. The random 
model.of equation (3) is a precise representation of the 
amplification process. The model provides a complete des­
cription of the EUM demands. This includes: 

• Probability distribution of peak load 

• The mean value of the hourly demand 
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• Variance (or standard deviation) of t1e 
hourly demand 

• Confidence interval on the amplified load 
profile for any specified level. 

Of course no model is more accurate than its input. The 
precision of the results, therefore, will depend on the 
accuracy of the e's and x's. Conceptually, there is no 
restriction on the number of e's and x's, however, to reduce 

.the problem to a manageable size it is required to represent 
a range of equipment having close rated inputs with an 
average input rate. Also for some EUM, the load can vary 
between O percent to 100 percent (e.g., gas stoves). In 
such case again the range of part loads is approximated by a 
few points, e.g., off, low, medium, and high. These ap­
proximations could result in slight errors in the final 
distribution. This is a kind of trade-off between precision 
and resource requirements. The user may decide on level of 
precision required. Also, application of characteristic 
function implies statistical independence of the x's. This, 
in general, is a valid assumption since the end use equip­
ment within each mode is operated independently of each 
other. 

f. Data Requirements. In the random model of load 
profile amplification, equation (3), all e's and x 1 5 are 
input information. Since x's are random variables, in fact 
the i r prob ab i l i ty d i s tr i but i on s are the re qui red i n ~· u ts . 
The c values may be provided by the CCP, input exogfnously 
by the user or included in the EBP as default optioris. The 
probability distribution for x's in general are intE·rnal to 
the EAP. Of course the user wi 11 have the option tc, input 
the distributions exogenously. 

Since the EAP is designed for communities with 
sophistication, or the ERDA research programs, the e's are 
expected to be provided by the user for precision purposes. 
The data in any case can be compiled from the follO\ting 
sources: 

• Census reports 

• Trade associations 

• Direct survey 

Also the probability distribution for x can be deri1ed from: 

1 Sample of measured profiles 

• Published use pattern profiles 
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• Typical load profiles (if the corresponding c 
is known) 

• Survey of use pattern 

• Informed judgement 

The model developed here has a unique advantage over other 
amplification methods evaluating conservation measures. 
Here, the end use equipment are separated from the use 
patterns. The impact of hardware oriented conservation 
measures (e.g., more efficient equipment) can be evaluated 
directly by changing the c values. The impact of software 
oriented measures, e.g., lower thermostat setting, can be 
evaluated by changing the probability distribution of rele­
vant x's. Of course, simultaneous effects of more efficient 
equipment and energy saving practices can be measured by 
perturbation of corresponding e's and x's. 

g. Illustrative Example. Application of the metho-
dology is illustrated here by a very simple example. Assume 
that the residential sector of a community under considera­
tion consists of 50 SFD units each equipped with a 4KW 
clothes dryer with a forty minute cycle time. The question 
is, what is the load profile for clothes drying in this 
residential sector? Using equation (3), then 

N 

Z(t) =~=l c · xm(t) ( 1 1 ) 

wheres, j, and k indices were dropped for clarity of il­
lustration, and all dryers are of the same size. In 
equation (11), c is 4 KW, N=50, and the probability dis­
tribution for xis plotted in Figure 25. The latter is 
based on a typical drying load profile from a stud; by 
Detroit Edison Company in 1960 (Figure 26). Using discrete 
time intervals of one hour, the probability distribution for 
xis given by 

P[x(t) = l] = px(t) ( l 2) 

P[x(t) = O] = 1-Px(t) = qx(t) 

where Px(t) is plotted in Figure 25. The. characteristic 
function for random variable x then, is: 

1 
q,x(t)(u) = J;-0 eiux(t) Px(t) (13) 
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Source: 

1. 

C1oth•• Cryer (Avg of 13 CustCMera) 

Average Weo1'day 

January ~, 1960 

Energy - 5.16 Kwh 
Maximua - 1.31 Kw 

• Energy - 2.66 Kwh -.-1,.-,-+---t,---+-_...._-4-__ _. 

Maxi c:,ua - 0 .50 Kw 
f\ 

Figure 26. Clothes Dryer Load Profile 
for Day of Maximum Demand and Average Weekday 

of Coldest Week, 1959-1960 

MATHTECH, ACUCS Draft Report, Task lb, October 1976 
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or 

( 1 4) 

using equation (14) in equation (10) yields, 

( 1 5) 

Equation (15) is the characteristic function of a binomial 
distribution. 

Hence, the probability distribution for Z(t) is given by: 

K N-K 
P[Z(t) = 4.KJ = ~-5_0! [px(t)J [qx(t)] (16) 

(50-K}K! 

for K = 0, 1, 2, ... N 

The probability distribution for Z(t) are summarize1 in 
Table 65. Figure 27 illustrates the probability distribution 
of Z for two time periods, 10 to 12 a.m. and 4 to 6 p.m. 
From Figure 27 the following information can be cal:ulated: 

0 E[Z(t)J = 34 KW for 10< t< 1 2 a.m. - -

2 z ( t) 
= 28.22 KW 2 for 1 0< t< 1 2 a.m. 

0 0 - -

0 P[Z(t)~ 60] .98 for 1 0 t< 1 2 a.m. -

The latter indicates that the change of peak load e<ceeding 
60 KW at any time between 10 to 12 a.m. is less than 2 
percent. 

Figure 28 illustrates the 95 percent confidence 
interval for the amplified load. The mean value of the 
hourly demand is plotted in Figure 29. The shaded 1rea 
represents the average daily energy demand for clot~es 
drying for all 50 households collectively. 
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TABLE 65. PROBABILITY DISTRIBUTION FOR CLOTHES DRYING LOADS 
OF 50 SFD UNITS ON A TYPICAL DAY ------- ---· 

LOAD KW 

,------·-------------------------------------------------------------------------....----..-------.. 
TIME 

Of' 
DAY 0 .. a 12 16 20 24 28 32 36 40 44 48 52 

.364 .371 .186 .061 .014 .003 + 

.001 .018 .055 .109 .158 .180 .167 .130 .086 .050 .02S .011 .004 .001 

56 60 64 68 72 

+ t 

8-9 

9-10 

10-11 t + .005 .015 .036 .069 .105 .136 .149 .143 .120 .089 .059 .035 .019 .004 .002 .001 .001 

11-121 ... + .005 .015 .036 .()69 .105 .ll6 .149 .143 .120 .089 .059 .035 .019 .004 .002 .001 

12-u .001 .001 .026 .062 .108 .149 .167 .157 .126 .oee .054 .029 .ou .006 .003 .001 + + 

· 13-U .045 .145 .226 .231 .17) .102 .049 .019 .007 .002 

U-15 I .045 .us .226 .231 .173 .102 .049 .019 .001 .002 

t 

t 

+ 

+ 

15-16 I .009 .• 044 .107 .170 .197 .179 .133 .083 .OH .020 .008 .003 .001 

16-17 1.077 .202 .261 .220 .136 .066 .026 .008 .002 .001 

11-1a .011 .202 .261 .220 .136 .066 .026 .ooe 

18-19 I .]64 .371 .• 186 .061 .014 .003 

19-20 .364 .371 .186 .061 .014 .001 

20-21 I • 605 • 305 • 075 • 01.2 • 001 + 

21-22 I .605 .305 .075 .Oll .001 + 

22-21 I .364 .111 .u, .061 .oH .001 

2J-24 J .605 .JOS .075 .012 .001 • 

+ 

+ 

~ 

+ 
... 

+ 

+ 

+ 

i 

+ 

·t 

+ + 

+ + 

STANDARD 
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22 
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34 

26 

12 
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10 

4 

4 

2 

2 
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5. 3l 
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4. 76 

3.36 
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1.98 
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1.41 
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h. Load Profile Aggregation Model. Aggregation, 
conceptually, is the same as the amplification process. In 
fact, amplification is a special case of,aggregation where 
the end uses are homogeneous. The objective of aggregation 
is to determine the collective demand profile of sets of 
EUMs. Aggregation may be applied to EUMs within a single 
zone, a group of zones or the communit as a whole. The 
methodology developed for amplification is also valid for 
aggregation process. If the desired level is a land use 
category, S, then the demand by type of fuel is given by 

Zf(t) = L ~ LI: L 
S s J r k m 

f 
C. k Jr 

( 1 8) 

wheres is the index of the land use category of interest. 
All subscripts are as defined earlier. 

Clearly the summation of equation (18} over all 
land use categories will give the total community load 
profiles by type of fuel, i.e. 

( 1 9} 

Note that aggregation can be obtained for any subsets of 
community EUMs by summation of appropriate EUM demands from 
equation (2). 

The aggregated demand, Z, (in equations 18 and 
19) in general, is a random variable and its associated 
probability distribution can be derived using operational 
transform techniques (characteristic function) similar to 
the amplification model. Hence, the characteristic function 
for the aggregated demand profile of a land use category 
(equation 18) is given by 

<Pz f ( t) ( u) = TI 
s s 

TI 
j 

TI 
r 

TI 
k 

In aggregation process some of the EUM load pro­
files may be deterministic, such as process loads, street 
lighting profiles, etc .. In such cases, without any of 
generality, the indicator function x(t) has a probability of 
one (certainty) for the interval that the end use equipment 
is in operation. In fact, for any EUM, if the probability 
distribution of x's are not available, the x 1 s can be 
treated as deterministic functions at their mean values, or 
the mean value of corresponding z(t) from equation (2) can 
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be used directly in equations (3), (18) or (19). This 
features of the model provides the EAP with a flexibility to 
perform the analysis at various levels of information and 
precision. The extreme case is to freeze all x 1 s at their 
mean values, which reduces the model to a diversified load 
aggregation (or amplification) model. 

i. Model Application. The aggregation model de-
veloped in Section h provides a mathematical framework for 
going from load profiles at EUM level to those of land use 
categories, zones, districts and the community. The model 
indeed has the capability to trace the impact of energy 
conservation measures through the homogenous as well as the 
non-homogeneous communities. The effect of fuel substitution 
can be evaluated by shift of the EUMs which then is upgraded 
to the level of community. The impact of conservation and 
fuel substitution measures are measured in terms of: 

• average reduction in peak demand 

• average hourly and daily energy savir.gs 

• variance (and standard deviation) of conserved 
demand and energy consumptions 

• confidence interval on the profile of energy 
savings. 

The model can evaluate the effects of both energy seving 
innovations and practices separately and/or simultareously. 
The measures can be evaluated one or many at a time. 

j. Validity and Limitations of the Model. lhe only 
assumption underlying the model is that individual rieces 
of end use equipment are operated independently of each 
other. This is a necessary condition for the application of 
the characteristic functions. If some of the end u~es are 
operationally dependent (e.g., clothes dryer often ~s used 
following the washer), then such dependent variablE·S have a 
joint probability distribution and correspondingly i joint 
(multivariate) characteristic function should be usE~d for 
the convolution process. Although this does not po~e any 
problem conceptually, for a large number of depender:t var-
; a b 1 e s t h e mod e 1 may b e c om e ma th em a t i ca 1 1 y c om p l ex c: n d 
computationally cumbersome. Fortunately, among the EUMs 
considered for inclusion in the EAP, those with random 
characteristics are for practical purposes independE·nt. 
W hi l e , i n general , the mode 1 can be expanded to con~, i de r 
dependencies, the dependent variables can always be frozen 
at their expected values to preserve the validity or the 
analysis. 
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k. Data Requirement. The data requirements for the 
aggregation model is generally the same as that of the 
amp 1 i f i cat i on model w h i ch was di s cussed i n a . pre vi 1) us sec -
tion. 

4. Energy Analysis Procedures - Use at the Planner Level 

The preceding portions of this section have provided a 
detailed discussion of the conceptual foundations of the 
detailed Energy Analysis Procedure (EAP). This procedure 
allows its user to simulate all the basic modes of energy 
end use in the community, and from that simulation, to 
develop hourly demand profiles for each end use mode, as 
well as add up the ·profiles to determine cumulative energy 
use profiles at a variety of aggregation levels. When 
calibrated and tested, this will provide a powerful tool for 
community level energy analysis. 

It is realized, however, that all users of the overall 
methodology developed in this research will not have a need 
for detailed hourly demand information. In particular, a 
large class of users of the methodology, whose interest is 
in rather broad policy decisions, may find that reasonably 
reliable indicators of annual energy usage associated with 
various physical or behavioral measures is sufficient 
information for their needs. For these users, referred to 
pre vi o us l y as the II p 1 an n er 1 eve 1 , 11 a s imp 1 i f i e d v er s i on of 
the EAP is necessary. This simplified version should fully 
utilize the theory embodied in the detailed EAP, but should 
differ by degree of data detail required for use, degree of 
technical training required for the user, and degree of 
detail in the output. The following pages describe how such 
a simplified version of the EAP is currently conceived. 

a. Precedents. Of recent and useful concern is the 
BNL/SUNY Project on Land Use and Energy Utilization. (5) 
In this study, Energy Intensity Factors link physical land 
use activities to energy demands. Other recent studies 
which either utilize.or calculate energy intensity factors 
include: 

• Reading the Energy Meter on Development(6) 

• Development of a Comprehensive Community Energy 
Management Plan, City of Clarksburg, W.Va. (8) 

• Metropolitan Development and Energy Consumption(8) 

• Energy Management in Municipal Buildings (9) 
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• Seattle's Electric Energy Conservation Long-Term 
Program and Some Implications for R&D (10) 

• Portland Energy Conservation Project (11) 

Each of these studies and virtually every study 
which links energy demand to a physical entity, utilizes 
some form of an energy intensity factor. On the sirnplest 
physical level or the equipment level, the energy intensity 
factor is its demand rating, e.g., an electric motor rated 
at 1.5 kW. It is known for a fact that when the motor is 
turned on it w i 11 demand 1 . 5 kW. 0 n the other hand, if the 
energy demand of a parcel were needed, an energy intensity 
factor would be an aggregate of the many variables which 
affect a parcel's demand. By specifying a broader physical 
category a corresponding increase in range or accuracy 
results in the specification of an energy intensity factor. 

b. Method Selected 

(l) Rationale. The simplified EAP must be res­
ponsive to a majority of the planner's everyday policy 
decisions. In order to be able to do this the simpli­
fied EAP must utilize everday available data. More 
than that, the simplified EAP must use this everyday 
available data in an uncomplicated way. On the other 
hand, the simplified EAP cannot be so simple or uncom­
plicated that it would inadequately, respond to the 
planner's questions. 

Discussion with planners, reviews of the 
literature, and drawing on the project team's expertise 
has led to the decision that the simplified EAP should 
be at the parcel level of land use. It is between this 
level and the zone that the planner most frequently 
operates and it is between this level and the activity 
that meaningful energy assessments can be madE. 

(2) Use. The main focal point in the simplified 
EAP is formatted in Table 66. The vertical a>is lists 
the parcels while the horizontal specifies firal 
specific energy use. Energy Intensity Factor~ (EIF) 
will be developed for each combination of parcel and 
final specific energy use in the table. In a· 1 parcels 
except in the Industry and Transportation land use 
categories, the preponderance of energy consunption is 
in heating and/or cooling the structure. EIF!, for 
heating and cooling are especially sensitive ·:o the 
following factors: 

• Annual heating and cooling degree days 
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Parcel 

Single Fa~ily Detached 
Single Family Attached 
Multi-family Low-Rise 
Multi-family High-Rise 
Mobile ~omes 
Retail: Small 
Retail: Large 
Retail: Regional 
Restaurants 
'..Jholesale 
Office Low-Rise 
Office High-Rise 
Auditoriums and Arenas 
~otc1-~cte1 High-Rise 
Hotel-Motel Low-Rise 
Hos pi ta l 
School 
Public Administration 
Religious, Social 
Cultural, Museum 
Roads 
Parking 
Terminals 
Service Stations 
Preserves 
Parks 
Industry 

Agriculture 
Transpc7'tc.tiun 

TABLE 66. ENERGY INTENSITY FACTORS FOR PARCELS 

Unit 

dv.e11ing unit 
dwel1ing unit 
dwelling unit 
dwelling unit 
dwellin~ unit 

fr 
ft2 
ft2 

seat 
ft2 
ft 2 
ft 2 

seat 
roo;,, 
room 
be~ 
ft 
ft 2 
ft2 
ft2 

miles 
space 
ft2 
ft2 

acre 
acre 

emp 1 oyee or 
$ Value Added 

acre 
., ..... L,...: .,... , .... .......! , .-, 
,;;...,1i\.,,t',;.. 1111 i'C 

travelled 

Elec- Elec- Elec-
tri ca 1 Oi 1 Gas Other tri ca 1 Otner tri ca 1 Non-
Heating µeating Heating Heating :ooling Cooling rleat/Cool 

(Btu/DD/Unit) ( Btu/00/Uni t) (Btu/DD/Unit) ( Btu/DD/U~ (Btu/DD/Unit) (Btu/DD/Unit) (Btu/Uni_!]_ 

Non-Sf-le( i ri c: 
Energy Jse 
{ 8 t u/i-J _r1_i _tl_ 



• R value of exposed surfaces 

• Size of structure 

The EIFs are normalized to Annual Degree Days so that 
the planner only has to look at Figures 30 and 31 to 
determine for his locale the mean annual total heating/ 
cooling degree days. Exterior surface R values and 
the size of structure vary between regions of the 
country. Because of this, a total of eleven (11) 
tables of the same format as Table 66 will be developed 
to reflect the different types of structures in the 
following metropolitan areas: 

• Atlanta 

• Baltimore 

• Boston 

• Chicago 

• Denver 

• Houston 

• LOS Angel es 

• Miami 

• Minneapolis 

• San Francisco 

• St. Louis 

These metropolitan areas have been thoroughly !,tud­
ied (12) and data is available detailing therm,tl char­
acteristics of exterior surfaces and area variittions. 

For the planner to use the simplifie,j EAP, 
the following steps should be taken: 

• Determine the number of units within 
a parcel that apply to such fuel 
specific energy use 

• Determine the metropolitan area which 
most closely approximates the planner's 
community 

II-185 



I I - l 8 6 

,f:1)".·.AitA';( ._.if,' .Q 

LL 

G.! 
(I) 

01 
(I) 

0 

•_,--
.µ 

cu 
(I) 

:r: 

'"O 
+-> 
0 

I-·-

C) 

(V) 

<1J 

LL 



I 
D '.::2 
C"'"-'] 

-~ 
I 

CX) 
...._..., 

-·-1 . 1 1 

Figure 31. 

1 . ·1 -·-] . ·- -1 1 .j 

~ 

-·,t~~~___:..-. 

. IL.....,. (11, ·, 

' ' 
I 

() .. 

--=----_:_:=~~=:::=--::--;~=1 , . . . : . "':,;·: ::: , .'. .. r:_::i:'.ili,; 2· .... _:;:-:. ... H J ------~.:::...==---~~ -~~ -- .;:.;.--- ~~~;--''*J 
----

Mean Annual Total Cooling Degree Days (Base 65 F) 



• Determine from Figures 30 and 31 the 
near annual total heating/cooling 
degree days 

·The annual energy consumption for all parcels can then 
be calculated by equation (1). 

where 

E = (EIF) x P x D ( 1 ) 

Eis the total annual energy consumption 
for all units within a given parcel cate­
gory. 

P is the total number of units within a 
given parcel category. 

EIF is the energy intensity factor. 

D is the mean annual tool heating or 
cooling degree days where applicable. 

The energy consumed annually by a community is then 
the sum of all the E's calculated for every parcel. 

Industry energy consumption and the associa­
ted EIF determination will closely parallel the BNL/ 
SUNY report's classification scheme (5). This scheme 
aggregates industry by two digit SICs using a cluster 
analysis technique into five groupings: 

• Light Industry 

• Medium Indus try 

• Mining and Metals 

• Paper and Chemicals 

• Synthetics 

In order for the planner to associate specific local 
industry with these five groupings a table will be 
provided which relates the two digit SIC to the five 
groupings. 

Annual transportation energy consumption can 
be calculated by multiplying the transportation EIF 
by community level annual vehicle miles traveled (VMT). 
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(3) Data Requirements. EIFs for parcels in the 
Residential land use category will be primarily ob­
tained and generated from existing data on residential 
structures. Additional data may be obtained from the 
literature cited above. 

EIFs for parcels in the Commercial land use 
category will again be primarily generated from inter­
nal data (NECAP and BEAM models). This is possible 
because building characteristics are essentially the 
same as residential with the exception of specialized 
equipment. As was stated above, for the Industrial 
category, the groupings of BNL/SUNY will be utilized 
to characterize the parcels. Every city with a popu­
lation over 50,000 is required to have a transportation 
plan and therefore would have annual VMT data. VMT 
data for smaller cities must be determined in the data 
collection phase. 

c. Relationship to Theory Developed for Detailed EAP. 
The main thread in the fabric of not only the EAP but also 
the simplified EAP, and the CCP is the Physical Character­
istics Table 4 in section II.C. 1 which details the planner's 
domain from the Metropolitan level through the Parcel level. 
The simplified EAP and the detailed EAP are so similar that 
the only differences are those of detail of application, not 
approach. Whereas the EAP demand ratings are appli~d at the 
Activity/Equipment level, the simplified EAP energy inten­
sity factors are applied to the parcel level. Where the 
EAP reflects hourly energy profiles, the simplified EAP 
reflects yearly energy use. They both are fuel specific, 
the EAP being more detailed than the simplified EAP. Trans­
portation is an EUM within each parcel in the EAP, however, 
it is a separate entity in the simplified EAP. 

5 . Summary 

The preceding pages have described the conceptual 
features of the EAP. Both the EAP and the CCP will be used 
by the planner within an overall Application Framework. 
The following section describes the nature and conceptual 
content of that framework. 
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E. Application Framework 

1. Overview 

Energy and land use planning share a number of features 
which are common to all planning exercises, at all levels. 
These include such activities as problem definition, goal 
development, option identification, etc. The methodology 
developed here includes steps of this nature. Due to their 
generality, they remain unchanged when one moves from the 
planner application to the energy analyst application. 

In this section, the major portions of the Application 
Framework specific to energy/land use planning are des­
cribed. The tasks described here are not unfamiliar to the 
planner/user (with the possible exception of an energy 
audit). The procedure discussed for each task is only one 
method for performing the task, and is presented only for 
illustrative purposes. It is not intended that this proced­
ure be interpreted as the only method. Because of 'planners• 
familiarity with goal definition, alternative selection, 
and ranking, many planners will, and should feel free to, 
use their own procedures. 

2. Community Energy Audit 

An energy audit provides a community decision maker 
with increased sensitivity to and knowledge of energy con­
cerns in the community. It serves two primary purposes; to 
document and quantify the energy situation in the community, 
and to familiarize the decision maker with the ele~ents of 
the community that exhibit existing or potential i~pact on 
energy use. The following types of data will be identified 
in the audit: 

• Number of existing units in the various land use 
classifications (number of single family homes, 
square feet of commercial area etc.) 

• Patterns of existing infra-structure development 
(roads, sewer and water lines, etc.) 

• Community configuration, and physical character­
istics (climate, community classification, etc.) 

• Fuel specific energy use in the community by land 
classification (what percentage of the energy 
needs in single family residences is met by 
natural gas, electricity, etc.) 
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This data may be sufficient to document the existing 
energy situation in the community, however, energy patterns 
may only be identified by examining future energy use in the 
community to determine possible problems in energy avail­
ability and opportunities for energy management and con­
servation. For this reason the following types of data must 
also be included in the energy audit. 

• Planned community development by land use clas-
sification 

• Planned infra-structure development 

• Anticipated supply patterns 

• Existing legislative and regulatory framework 

The community energy audit serves as an introduction to 
an energy management and conservation program (see Figure 1) 
It is therefore imperative that the methodology employed 
encompass all information necessary for analysis on both a 
quantitative level (derived from the EAP) and a qualitative 
level (derived from CCM). The proposed procedure for con­
ducting a community energy audit entails collection and 
analysis of data that will provide the planner with a com­
plete assessment of existing and future energy use in his 
community. 

a. Precedents. Numerous communities have completed 
some form of baseline energy analysis employing various 
levels of sophistication. Some of the programs developed 
have centered upon methods of attaining raw data (actual Btu 
used annually by sector and fuel type etc.), while others 
deal extensively with a methodology for analyzing such data. 
Few studies address both areas with an equal degree of 
comprehensiveness, therefore these elements are separated in 
the subsequent discussion. 

(1) Methods of Data Collection. Various tech­
niques have been developed to collec{ communit} base­
line energy data. The most comprehensive and reliable 
of these involves an actual community survey wrere each 
buildi·ng's energy use is monitored, and traffic volumes 
are assessed. 

This approach was utilized in The Oe\'elopment 
of a Comprehensive Community Energy Management Pla~ 
_for the City of Hobbs New Mexico. Extensive surveys 
w e r e c o n d u c t e d i n t h e r e s i d e n t i a 1 , i n d u s t r i a 1 cl n d 
commercial segments of the community. The resulting 
data was detailed and accurate, but this approiich is 
beyond the resources available for most commun~ties. 
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In the BNL/SUNY study on Land Use and Energy 
Utilization (5) a concise methodology is provided for a 
community to conduct an extensive baseline energy 
study. Characterization of energy end use by fuel type 
is provided for a variety of land uses. This study 
provides much of the necessary framework for an energy 
management program but it utilizes a sophisticated land 
use model to identify physical characteristics of the 
community based on an invariant decision-making frame­
work. This does not provide the flexibility desired 
for evaluation of non-physical as well as physical 
parameters/alternatives in a community. 

In the development of A State Energy Manage­
ment Plan for North Carolina, a program is utilized to 
develop a statewide energy management plan. An exten­
sive analysis of baseline energy supply and demand data 
for both present and future situations with associated 
environments, economic and social impacts of the 
projections is provided. 

The conceptual framework of this study is 
similar to the study in question, however, it is rele­
vant at the state level and not as specific or detailed 
as is desired for a community level program. 

The Portland Energy Conservation Project 
defines energy use patterns and conservation potentials 
for the City of Portland. The report relies heavily 
upon census data to determine energy use patterns and 
analyzes consumption patterns on an annual basis only. 
Similarly, other planners could utilize such data 
sources in their assessment of baseline use patterns in 
the residential, commercial/industrial, municipal and 
transportation sectors. 

(2) Methods of Conducting Quantified Data 
Analysis. Numerous methods exist to quan­

tify the energy conservation potential of various 
alternatives. These involve a variety of numerical 
formulations that determine the community total energy 
conservation potential due to some alternative from the 
number of individual components affected. Some of the 
methods utilized are described below. 

In a study completed for the Massachusetts 
Department of Community Affairs entitled Ener~ 
Management in Municipal Buildings, a procedure is 
developed for local officials to evaluate the economic 
value of energy management/conservation measures. 
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Energy use is established in five Massachusetts 
buildings to be used as standard structures for eval­
uation of energy conservation measures. A workbook 
approach is given for assessing energy conservation 
potentials. This report is limited in application to 
the municipal government sector, however this is 
relevant to -one portion of the CCP project. 

An excellent conceptual basis for community 
level energy management and conservation is presented 
in Development of a Comprehensive Community Energy 
Ma~agement Plan. This methodology comprises the es­
sential steps that must be taken by a community, how­
ever, the analysis requires a strong engineering back­
ground, and often computer facilities. This type of 
analysis not available to the small community planner 
and is thus not applicable to the planning technologies 
to be developed in this project. However, such sophis­
ticated analysis procedures are relevant for the energy 
balancing procedure for detailed research. 

(3) Qualitative Analysis of Energy Alternatives. 
Few studies have really attempted to provide a rational 
framework for analyzing the qualitative or non-physical 
factors of energy alternatives. Studies that have 
addressed this type of issue include the following. 

In a report prepared for the Regiona· Plan­
ning Commission of Jefferson, Orleans, St. Bernard and 
St. Tammany Parishes in Louisiana by Urban Transporta­
tion Planning Associates, Incorporated, entitled 
A Proposal for Implementation of An Energy Con~:ervation 
Management Plan for New Orleans, Louisiana, SM'.;A. A 
valid picture is presented of the numerous pub 1 ic and 
private organizations that must be involved in the 
establishment of a successful program. This rt:port 
documents the steps leading up to the developm,~nt of a 
management plan and the costs associated with '.;uch a 
plan. They recommend the establishment of an [nergy 
Conservation Management Planning Organization :o be 
comprised of various committees representing e·1ergy 
users (commercial committee, industrial committee, and 
tourism committee, etc.) and energy suppliers (com­
mittee on existing energy sources, committee 01 pot­
ential energy sources). Each of these committ~es would 
be comprised of experts in the field who would recom­
mend and assess alternatives for energy conser1ation 
and management. The primary strengh of this a?proach 
lies in the great public participation and the assur­
ance that regional needs will be addressed. The funda­
mental weakness exists in the lack of any atte~pts to 
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quantify alternative actions and assess their energy 
impacts. This quantification is expected to be accomp­
lished by the experts involved in the various commit­
tees is solely dependent on their expertise. 

b. Audit Method Chosen. The method of conducting a 
baseline energy survey is crucial to the remainder of the 
study. Although all factors addressed in the survey may not 
be quantifiable, or even necessary, to arrive at an assess­
ment of the existing community, they are essential to the 
process of goal and alternative selection and final ranking 
of alternatives. Specific data requirements and the metho­
dology for conducting the audit are detailed in the previous 
sections describing the energy analysis procedure and the 
Community Characterization Procedure. The EAP is the pri­
mary quantitative tool, and the CCP the primary qualitative 
tool, that the planner will use in conducting a community 
energy audit. It is anticipated that both the EAP and the 
CCP will be simplified to correspond with the technical and 
analytical resources available to a planner. 

The user of the framework will enter the CCP 
at a variety of levels. The planner may be able to collect 
community data at the parcel level for residential develop~ 
ment, however the commercial development may only be desig­
nated on the district level. The CCP will provide a method 
to translate available levels of data to the parcel level. 
Once the community has been defined at the parcel level the 
user may begin the EAP to complete a quantified analysis of 
community energy use. Specific details of both the EAP and 
CCP are provided in previous sections. 

The audit must also provide a framework for plan­
ners to identify the existing community regulatorJ and 
governmental framework. The community decision maker wil 1 
be required to identify the powers and decision m,1kers 
indicated in Table 67. This information may be gained 
through study of the local codes and governmental organiza­
tion charts. It is anticipated that in many instances the 
planner will be totally familiar with this information, 
however it must be documented to assist in the latter pro­
cesses of goal development and alternative selection. 

c. Interpretation of Audit and Usefulness for 
Decision Makers. At the completion of the base­

line energy analysis process the user should have a under­
standing of energy use in his community and the land use 
class in the community with the greatest energy impact. If 
the planner were not to. take the process any fart1er he 
would have begun the fundamental process of recog1izing 
energy consumption patterns in the community and integrating 
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TABLE 67. DATA COLLECTION SHEET FOR COMMUNITY DECISION ~\AKIN,:; PROCESS 

Regulatory Powers 

- zoning 
- legislation 
- building codes 
- permits 
- traffic regulation 
- rail regu 1 at ions 

Review and Approval_ 

- subdivision review 
- environmental review 
- design review 
- special historic/preserve/coastal zone 

Fiscal and Economic 

- capital improvements program budget 
- annual operating budget 
- tax structure property 

inter-Government 
- tax assessments 
- tax rates 
- user assessments 
- fees 

subsides and grants 
- bonding 
- bond amortization 
- loan guarantees 

Eminent Domain 

- master plan 
- facility siting and design 

Information/Education 

- demonstration 
education 
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TABLE 67. DATA COLLECTION SHEET FOR COM~UNITY DECISION MAKING PROCESS (CONT'D) 

COMMUNITY POWER DELEGATION 

(Indicate names and phone numbers of community Decision Makers) 

Legislative Executive 

city, town or city 
council commissioners 

commissioners mayor 

aldermen executive 

selectmen other 

Voluntary Boards - Commissioners 

Board of Zoning Appeals --------
Special Conservation Commissions ----
Historic District Commissions~--~-­

Others 
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Administrative 

Director of Public Works 

City/County Administrator 

Planning/Zoning Director 
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energy considerations into the planning process. However, 
in order to complete a comprehensive analysis of the com­
munity energy situation the data must be intepreted and 
refined. 

A strength of the community energy audit is that 
it provides an analytical framework that will guide the 
planner into the proper channels for goal selection. This 
is true whether the audit is conducted at the energy analyst 
level, providing data necessary for complete use of the EAP; 
or at the planner level, providing data necessary for com­
pletion of the simplified EAP. As illustrated in Table 68 
a series of analytical questions will be provided at the 
completion of the energy audit to assist the user in the 
intepretation of the data collected. The level of detail 
provided by the energy audit method chosen determines the 
level of detail needed for an intelligent response to the 
analytical questions. For this reason it is anticipated 
that the analytical questions will be directed to the 
specific user, whether that user is the community plan­
ner/decision maker or the energy researcher/analyst. 

As may be seen, the energy analysis provides the 
framework for the subsequent formation of goals and alter­
natives. For only when a planner knows the existing form of 
his community will he be capable of f6rmulating the direc­
tion that he wants that community to take. The analysis 
also provides the fundamental procedures that will be used 
to analyze alternatives for the community and their impact 
on the total energy scenario of the community. ThP audit 
sh o u 1 d a 1 so serve to i dent i f y al 1 the data n e c es s a 1· y for 
analysis, procedures that will be included in the i·emainder 
of the study. 

3. Goal Deve~ent 

Goal development comprises the rationale for ,1ny plan­
ning process. In no instances, however, is the pl.inner 
afforded the luxury of selecting a goal that is musually 
exclusive, impacting no other segments of the commJnity. 
The process of goal formulation and selection inhe~ently 
involves the analysis of conflicting community ide1ls. Each 
community decision maker is faced with the responsibility of 
ensuring the optimum quality of life for all the r~sidents 
of the community. As a result there must be trade-offs made 
between the goals developed relating to various asJects of 
community life. A community decision maker may be operating 
with a wide variety of goals including protecting the eco­
logy of the community~ providing an alternate mix of housing 
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TABLE 68. INTERPRETATION OF ENERGY AUDIT 

Research/Analyst Level 

Data necessary: 

- detailed load factors 
- hourly profiles by fuel type 

Factors to identify: 

- What fraction of energy forms are substituable? 
- Is there significant seasonal variation in energy use? 
- Is there significant time-of-day variation in energy use? 

Community Decision Maker Level 

Data necessary: 

- yearly energy used by land use classification 
- yearly energy used by fuel type 
- planned community development 
- projected energy supply patterns 

Factors to identify: 

Does a specific land-use category use a major percentage 
of energy in the community? 

- Does a specific fuel-type provide a major percentage of 
the energy needs in the community at large? 

- Does a specific fuel-type provide a major percentage of 
the energy needs in a specific land use category? 

- Assuming future growth rate to correspond with p'anned 
community development will there be significant ·ncreases 
in energy demand by sector, fuel type or in the community 
at large in the next year, 5 years, 10 years, 20 years? 

- Do projected energy supply figures match projected 
energy use? 
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for all residential needs, and assuring adequate energy 
supplies for the community. These goals may often be dia­
metrically opposed, an example being a community that wants 
to assure an adequate energy supply and is considering a 
coal-fired power plant, but also wants to maintain a high 
environmental quality. Trade-offs of this nature are inher­
ent in the planning process. 

Increasingly, the planning community is realizing that 
thoughtful planning has the potential to effect long term 
energy use patterns. This re~lization has highlighted the 
necessity for community planners to consider energy related 
goals. Such goals involve a wide range of considerations 
and may or may not involve an overall reduction in energy 
use. Recent fuel-specific energy shortages have highlighted 
the need for a management tool that will enable community 
decision makers to respond to such a shortage in the manner 
that is least detrimental to the community at large. The 
cost of energy producing facilities, and the delays assoc­
iated with the siting process have highlighted the need to 
utilize existing facilities to the maximum extent possible, 
eliminating peak consumption periods that drain the system 
temporarily and increase the pressure for a new plant. 
Issues of this nature serve to underscore the types of goals 
that a planner may wish to address when utilizing this 
methodology. Any methodology that addresses energy conser­
·vation must be able to accomodate both energy conservation 
goals and energy management goals in a community. 

Energy planning decisions have a long term impact upon 
the future energy situation in a community. Energy goals 
must be formulated carefully to alleviate or lessen current 
and anticipated energy problems. They must also be struc­
tural so as to incur minimum conflict with other established 
community goals. Therefore, the most important, bLt oft~n 
neglected step in any energy planning is the evaluation and 
establishment of energy goals. 

This section will present a systematic approach to the 
process of goal selection including: 

, Identification of possible goals. 

• Evaluation of goals vs. energy problems . 

• Preliminary selection of goals. 

• Examination of energy goals vs. other conimunity 
goals. 

• Final selection of goals. 
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a. Identification of Possible Goals. A nunber of 
possible energy-related goals were considered in :he form­
ulation of the final list of goals. Many were 9iscarded 
immediately due to the fact that they were outside the realm 
of the planner's decision making powers. An example of this 
would be goals that apply directly to the development of an 
innovative technology. This would include such projects as 
developing a more efficient solar collector or increasing 
automobile fuel economy. While these comprise valid energy­
related goals they are too far beyond the scope of the 
planner to be included in this study. The goals developed 
for possible consideration are broad, generic categories 
that relate to energy management and conservation. They 
encompass areas to be addressed by either the energy analyst 
or the community decision maker and include: 

(1) Reduce overall community energy use 

(2) Change timing of consumer demand (reduce peak 
loads) 

(3) Substitute energy types in the community 

(4) Improve load factors 

(5) Lower unit cost of energy 

The listing of goals has several advantages. 
First, they are concise and expressed in terms which any 
planner will be familiar with, and will have considered in 
the development of the baseline energy consumption analysis. 
Second, they provide an excellent criteria for a preliminary 
limiting and selection of related alternatives. ··he final 
listing of goals encompasses all aspects of community energy 
management and conservation that a community decision-maker 
may wish to consider. 

b. Evaluation Of Goals Versus Energy Problems. The 
goals chosen for incorporation in the analytical framework 
directly relate to specific energy problems. Each goal 
corresponds to an energy problem that was detailed in the 
community energy audit. Table 69 indicates the types of 
relationships that may be documented between energy goals 
and problems. The problems are considerations that were 
addressed in the intepretation of the community energy audit 
and will comprise the framework for preliminary selection of 
community energy goals. 
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TABLE 69. RELATIONSHIP BETWEEN GOALS AND ENER~Y pqQBLEMS 

Goal Energy Problem 

Reduce overal 1 community energy 
consumption 

Change timing of consumer demand 
(reduce peak loads) 

Substitute energy types in the 
community 

Improve load factors 

Lower unit cost of electricity 

Projected energy suprly does not 
meet projected community demand 

Excessive hourly demand for energy. 

Projected energy supply of a specified 
fuel type does not meet projected 
community demand 

Excessive seasonal demands for energy 

Consumer complaints 



c. Preliminary Energy Goal Selection. The prelim-
inary selection and evaluation of goals is entirely a com­
munity specific process. Through the completion of the 
baseline energy evaluation, communities will have gained a 
sensitivity to the overall energy needs and concerns in 
their community. These needs and concerns form the basis of 
the goal selection process and are specified by the planner 
at the completion of the energy audit. The series of gen­
eric questions that the community decision-maker answers 
concerning energy in the community provide the framework by 
which the community situation may be translated into pre­
liminary goals. As an example, a northern midwestern com­
munity that has documented through the baseline energy 
evaluation the fact that 80 percent of their heating require­
ments are met by natural gas would ·immediately recognize the 
need for shift in fuel type and select the goal of shifting 
fuel types-. A community that has experienced many summer 
"brown-outs" during the periods of highest energy use may 
consider the goal of load management. A community that has 
no desire to expand their current supply facilities (due to 
an over riding environmental or economic concern) may choose 
a goal of energy conservation. It must be noted that the 
goal of energy conservation does not necessarily mean that 
total energy use will decrease over time, but only that the 
incremental change will be less than with no conserving 
alternatives employed. 

d. Identification and Resolution of Conflicts Between 
Energy-Related Goals and Other Community Goals. A community 
decision4 ~ker must acknowledge the fact that even the most 
well defined energy goals may conflict with other community 
goals. Therefore conflicts must be identified, and if 
possible a resolution of the conflicts must be established. 
Table 70 provides a method for a planner to rank the impact 
of, and correlation between, energy related and non-energy 
related community goals. The community decision-maker will 
identify the community goals and assess the impact that 
proposed energy-related goals will have. A strong positive 
impact would mean that the energy goals are compatible with 
existing community goals. A negative impact indicates that 
conflicts do exist. 

In order to resolve the possible conflicts the 
community decision-maker may choose one of several courses 
of action including: 

• Modification of one or both goals 

• Deletion of one goal 

• Assigning higher priority to one goal 
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If it is possible to resolve the conflict, or if no conflict 
exists it may be asserted that the energy-related goals are 
compatible with community goals and merit furhter considera­
tion. 

At this point the planner may establish his final 
listing of goals. This listing will reflect both the energy 
problems identified through generic questions in the energy 
audit, and the goals compatibility with other community 
goals. 

4. Identification and Preliminary Selection of Action 
Alternatives 

Once a community decision maker has identified the 
goal(s) that correspond to the anticipated energy concerns 
in the community, a variety of alternatives may be employed 
to accomplish the goal(s). A limiting process is necessary 
at the onset of alternative selection, to eliminate those 
alternatives that would have the least impact on a specified 
community. This process is nonquantifiable in nature, and 
serves to channel the decision makers selections into those 
alternatives that are best suited to his goals and community 
situation. Each alternative will be evaluated based upon 
three limiting factors, goal selected, land use category 
affected, and level of implementation. This preliminary 
selection process is necessary due to the limited supply of 
resources (manpower and dollars) available to a community 
decision maker to conduct an energy management and conser­
vation program. Any alternative chosen for detailed analy­
sis will require a certain expenditure of such resources, 
thus, it is useful for the user to go through a preliminary 
selection of alternatives prior to using either the CCP or 
EAP for more detailed evaluation. 

a. Precedents. There are a number of categories that 
have been used to accomplish a primary limitation of alter­
natives. One possibility would be to select those energy 
using activities which the community decision maker feels 
would have the maximum energy management and conservation 
potential in his community. Once the specific mode is 
chosen (space heating, private transportation, etc.) only 
the alternatives that affect such a mode will be considered. 
This method could be advantageous if the goal of the planner 
was to shift fuel types in the community, and had estab­
lished the fact that a specific activity used a large per­
centage of a specific fuel in the community. However, the 
other goals would not be addressed at all in this method, 
and so it has been rejected for this study. 
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Another method of selecting alternatives would 
involve a general land use classification (single-fariily 
de t a c h e d , e t c . ) a n d a n a n a 1 y s i s o f o n 1 y th o s e c 1 a s s i ·= i c a -
t i o n s w h i c h t h e d e c i s i o n ma k e r h a s i d e n t i f i e d a s h a v ·i n g a 
s i g n i f i c a n t i m p a c t u p o n t h e e n e r g y u s e p a t t e r n s w i t h ·i n t h e 
community. This method has considerable merit, and yet 
ignores the aspects of implementability that could immed­
iately negate the affects of any alternative considered. 
This approach was utilized in the Brookhaven Study (5), in 
which the lower land use model was utilized to establish the 
community characterization. 

In some cases, alternatives have been addressed 
solely on their level of implementability. An alternative 
could fall under any one of the powers of the local govern­
ment (taxation, zoning, etc.). Again, while this is one 
aspect of the selection process, if this was used exclu­
sively it would ignore the other considerations that are 
necessary in a preliminary selection of alternatives. 

b. Major Types of Alternatives Provided in the 
Methodology. The methodology developed will be 

capable of analysing a wide variety of alternatives that 
exist for energy management and conservation. A prEliminary 
listing of alternatives relating to various land use clas­
sifications follows. While the alternatives may ap~ear in 
more than one classification this is necessary due 1.o the 
fact that it is anticipated that the user will base his 
alternative selection on one or more land use classi·ication 
in the community. 

• Residential Land Uses 

-lower air infiltration rates in space heating 
-heat pump 
-envelope zoning 
-landscaping and shading 
-setback requirement 
-building code revision 
-prohibit use of outdoor gas lights 
-outlaw heated pools 
-encourage "solar clothes" drying 
-reduce indoor temperature 
-price controls on fuels 
-daylight savings time 
-zoning for multifamily units 
-large roof areas (for solar) 
-develop new multifamily housing units adja-

cent to places of existing employment and 
services 
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-improve proximity of housing at related 
income levels to employment 

-redevelop older housing units 
-introduce alternative transport modes 
-develop multiuse facilities 
-total energy systems 
-selective energy systems 
-local solar ene~gy 
-local wind and water power 
-energy conservation zones 
-energy use disclosure at time of sale or lease 
-standards for improved appliance efficiency 
-solar water heating 
-tax credits/penalties 
-insulation improvement 
-individual electrical meter of multifamily 

housing 
-optimize lighting energy use 
-improved central air conditioners 
-heat pipes 
-heat wheels 
-electro-chemical sources 
-automated temperature control 
-increased metering and automation 
-d·ouble glazing 
-improve physiological thermodynamics (keep 

doors tight and well insulated} 
-no sliding glass doors 
-attic eave and ridge vents 
-radio-controlled electric water heat load 

management system 
-time of use metering 
-gasoline rationing 
-area transportation restrictions 
-one day a week driving ban 
-mandatory carpooling 
-gas tax 
-vehicle tax 
-carpool program 
-vanpool program 
-subsidized transit 
-improve transit service 
-improve transit security 
-expand transit fleet 
-weatherstripping 
-caulking 
-publish pamphlets 
-publish posters 
-sponsor oratorical contests 
-sponsor essay contests 
-sponsor seminars 
-sponsor workshops 
-turn off lights 
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• Commercial Land Uses 

• 

-curtail office hours 
-daylight savings 
-change operating hours 
-halt escalators and elevators 
-eliminate unnecessary lighting 
-discontinue use of electrical office 

equipment 
-eliminate decorative and advertising lighting 
-decrease ventilation air 
-revitalize existing town centers 
-encourage multiuse facilities 
-total energy systems 
-energy use disclosure at time of sale or 

lease 
-standards for improved appliance/equipment 
efficiency 

-solar water heating 
-tax credits and penalties 
-individual metering 
-optimize lighting energy use 
-improve central air conditioning 
-heat pipes 
-heat wheels 
-automated temperature control 
-double glazed windows 
-telecommunications 
-public information programs 

Institutional Land Uses 

-decrease ventilation air 
-revitalize existing recreation faci· ities 
-create new, local recreation facilities 
-total energy systems 
-public information programs 
-change operating hours 
-halt escalators and elevators 
-eliminate unnecessary lighting 
- e 1 i m i n a t e d e c o r a t i v e a n d a d v er t i s i n ~! 1 i g h t i n g 
-revitalize existing town centers 
-encourage multiuse facilities 
- standards for improved a pp 1 i an c e / e q L, i pm en t 
efficiency 

-solar water heating 
-optimize lighting energy use 
-improve central air conditioning 
-heat pipes 
-heat wheels 
-automated temperature controls 
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Transportation and Circulation Land Uses 

-reduce street width 
-improve street surfacing 
-utility rate structure revisions 
-reduce quantity of urban streets 
-district heating and cooling plants 
-integrated utility systems 
-solid waste heat recovery 
-use of solid waste to generate steam 
-steam distribution system improvement 
-preferential traffic control 
-right turn on red 
-syncronization of traffic lights 
-preferential parking 
-parking supply increase or decreases 
-parking tax 
-parking bans 
-congestion tolls 
-park and ride facilities 
-consolidate routes and terminals 
-construct new highway facilities 
-construct new transit facilities 
-construct new parking facilities 
-public information programs 

Special Land Uses 

-increase motor loads 
-reduce friction in motors 
-industrial lighting 
-processing heating 
-internal climate 
-resistance welders 
-weatherstripping 
-caulking 
-intensify industrial uses in prescribed areas 
-encourage multiuse facilities 
-tax credits and penalties 
-energy cascading 
-heat pipes 
-heat wheels 
-public information programs 

c. Preliminary Selection Criteria. At each step in 
the alternative identification process, there is an inherent 
selection process. In order to enter the process, the 
planner must have selected the goal(s). This goal selection 
immediately creates a package of alternativ~s that may be 
selected to apply to the community. 
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By further delineating the goals by land u·;e 
classification, the planner is again limiting the ap)licable 
alternatives. The knowledge of which classification to 
choose would be based upon the baseline energy data :ollec­
tion phase of the application framework. In this phase the 
planner would have developed a picture of the land use 
classification(s) that have the greatest potential for the 
achievement of the goals. For example, a community that 
wanted to shift the type of fuel used in the community from 
a specific scarce fuel type to a more available resource may 
have discovered that the commercial classification of the 
community used 90 percent of that scarce fuel. In order to 
optimize the effectiveness of the alternatives the planner 
would deal specifically with alternatives relating to this 
sector. Again, the planner co u 1 d s e 1 e ct a 11 package II of 
alternatives from the overall set of alternatives that apply 
to the community. Each alternative will be listed en a page 
designated for the specific goal it fulfills and the appli­
cable land use category. The user will then be able to 
select only the pages relating to the specific goal and land 
use category he wishes to analyze without considerirg extran­
eous material. 

A further delineation of alternatives involves the 
method of implementation. An alternative may either be 
mandated (through legislation, building code revision, 
etc.), encouraged (through tax incentives, preferen~ial 
treatment, etc.), or the government may sponsor educational 
programs to acquaint the public with the energy management 
a n d c o n s e r v a t i o n o p p o r t u n i t i e s a s s o c i a t e d w i t h a g i '/ e n 
alternative. (A sample data sheet is provided in T,1ble 71). 
vJ h i 1 e a 1 1 a 1 t e r n a t i v e s m a y n o t b e i m p 1 em e n ta b 1 e a t 1 ~ a c h o f 
these levels, they comprise a valid delineation for prelim­
tnary selection of alternatives. A community decision maker 
will be familiar with the basic constraints imposed upon the 
community and will be able to assess the possible SJccess of 
an alternative that must be mandated, encouraged, o~ re­
quires public education. 

It must be stressed that while the munici~al area 
is not specifically delineated in this classification it is 
comprised of elements in each land use classification. 
Municipal facilities and services often offer the maximum 
potential for energy conservation by virtue of the fact that 
they are under direct government control. While any alter­
native affecting municipally controlled land uses must be 
analysed for a wide variety of social and economic accept­
ability factors, the government may conduct internal house­
keeping in a relatively unconstrained manner. For this 
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TABLE 71. SAMPLE DATA SHEET FOR PRELIMINARY ALTERNATIVE SELECTION 

Goal 
Land Use Classification 

~ Level of 
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Mandate Encourao.e Educate 
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reason, preliminary programs may be comprised solely of 
alternatives relating to governmental facilities and opera­
tions. Advantages of this approach include: 

• The governmental sector has high visibility 
and extensive publicity may be generated to 
underscore the potential importance of 
alternatives. 

• The governmental sector is comprised of 
activities affecting all land use classifi­
cations and is thus an excellent area to test 
the validity of alternatives. 

• The governmental sector may stress the cost/ 
benefit attributes of a given alternative by 
incorporating such factors in their operating 
and capital budget. 

It is highly recommended that alternatives sel­
ected be applied to the governmental sector of the community 
to underscore their importance and validity. 

At the completion of this phase the planner will 
have a finite listing of alternatives to subject to a more 
rigorous quantitative analysis. Those alternatives will be 
consistent with the planners goals, the existing community 
situation, and the decision-making framework of the com­
munity. 

5. Evaluation 

In evaluating the options identified and selected, the 
CCP and EAP will be used. 

When applying the methodolcgy at the planner level, 
the simplified CCP approaches will be used to generate 
parcel level physical impacts, and then the simplified EAP 
will be used, with its energy intensity factors, to assess 
the energy impacts. 

When applying the methodology at the analysts level, 
the detailed CCP will be used to generate parcel level im­
pacts. After that, the detailed EPA will be used, ~ith its 
profile generating functions, to analyze energy sup~lies 
and demands on an hourly basis. 

Both detailed and simplified versions of the CCP and 
EAP have been described previously in this report. 
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6. Implementability Assessment 

The quantitative assessment of energy alternatives is 
only one aspect of the ultimate ranking and final selection 
of goals. No matter how 11 good 11 an alternative may be in 
terms of compliance with desired goals its ultimate value is 
highly dependent upon ease of implementation. A variety of 
governmental predispositions and powers exist that affect 
the implementability of given alternative. Given a spec­
ified budget~ a specified supply of manpower, and specified 
governmental powers, alternatives must be assessed in terms 
of their implementability in a given community as well as 
their energy savings potential. A methodology will be 
provided here to assess the implementability based upon 
these three constraints. This process will allow the plan­
ner to make a selection of action alternatives based on both 
energy impacts and implementability considerations. 

a. Precedents. A variety of methods have been de-
veloped to rank the barriers associated with implementation 
of a given policy. Few of these studies, however, deal with 
a workbook type approach whereby the user actually assesses 
the implementability in his own community. This is due to 
the fact that most barrier studies have dealt with a limited 
number of policies on a national basis and hence actually 
rank the variables associated by a specific policy. The 
method to be developed here will allow a given community to 
access their own situation and assign appropriate weights to 
the associated barriers. This is necessary due to the lack 
of uniformity in communities and their differing decision 
making processes. 

Although studies have not been completed with 
direct applicability to this topic existing studies do 
highlight the types of considerations that must be addressed 
in any assessment of implementation. The types of consid­
erations to be made include community decisional framework, 
existing legislative/ regulatory powers, the community 
resource availability. All of these factors are totally 
community-specific and must be presente~ in a manner ap­
plicable to each case. 

b. Community Decision Making Factors Considered. One 
aspect of the community baseline energy survey involved an 
identification of the existing decision-making fraMework in 
the community. This includes the identification of existing 
regulatory powers including zoning, taxation, etc.; and the 
existing organizational framework to determine methods of 
implementation available to the community. This will pro­
vide the planner with an adequate overview of the existing 
community decision-making structure to assess the community 
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decision-making process. A complete copy of a sample data 
sheet for this element was presented in Table 67. 

c. Method Selected. Due to the extreme variances 
among communities, the method utilized will require each 
community to assess their own situation. General consid­
erations to be addressed in the ranking include existing 
governmental framework, financial resources available, and 
time and manpower required to implement the desired alter­
native. The community decision~ ~k€r will rank the communi­
ties resources in each category to arrive at a final measure 
of implementability, as detailed in Table 72. 

(1) Existing Governmental Framework. The data 
sheet included in the community energy audit identifies 
for the decision~ ~ker the existing governmental powers 
in the community. Each alternative will involve the 
exercise of one of these powers, be it a tax incen­
tive/penalty, zoning change, or any other method of 
implementation. If an alternative is proposed for 
which no governmental power exists to implement it, 
then the alternative is immediately disgarded. The 
exception to this is an alternative designed to change 
the governmental structure, in which case this factor 
is ignored. The user will assign a value to this 
category in the following manner. If the governmental 
power exists in the community to implement the alter­
native a score of 1 is assigned. If the power does not 
exist a score of O is assigned, and the user mdy pro­
ceed to evaluate the subsequent alterhatives. 

(2) Financial Resources Available. The com-
munity decision-maker must assess the cost to :he 
government of implementing a given alternative'.; and 
determine if funds are available to assure imp 1 em­
entation. The alternative's financial demands and the 
available community budget will be scored on a scale of 
zero (0) to three (3). A score of zero reflec:s a 
situation where the cost of implementation is -~ar 
outside of the financial resources available I11 th·is 
situation the user may assume that the alterna-:ive is 
unimplementable and begin an assessment of othE!r 
alternatives. A score of three indicates that the 
financial committment is well within the commur1ity 1 s 
budget and the alternative should be considered more 
fully. Other ~.coring values (one and two) ind-cate 
situations that are within the range of possib~ lities, 
but may require substantial resource committment. 
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TABLE 72. IMPLEMENTABILITY ASSESSMENT 

Implementability Existing Govern- Implementation Cost 
Scores mental Framework Score 

Provides the Power 0 - outside of community 
To Implement-* committment possibility 
Yes=l No=O 3 - Well within community 

Alternatives committment possibility 

1 

2 ,, 

3 I 

-· 

4 

*This factor must be ignored if the alternative involves the creation of new 
nA\/OV"'nmnV'l+-~1 .-.."'L•-~-

Implementation Man-
power Score 
0 - outside the community 

committment possibilit) 
3 - well within co~nunity 

committment possibilit) 
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(3) ~anpower Resources Available. The f-nal 
factor affecting implementability is whether e~isting 
manpower is available to implement a given alternative. 
The level of effort required to implement a given 
alternative would include the following considerations: 

• Duration of the alternative (will man­
power be required over an extended 
period of time or only during i~itia­
tion?) 

• Complexity of the alternative (Are 
massive amounts of technical inputs 
required or can persons provide the 
labor?) 

• Target land use category (How many 
units will be affected and must be 
addressed?) 

• Inter-relationships with other govern­
mental agencies (Can the manpower be 
shifted, or will a liason person be 
required?) 

These types of factors will determine the manpower 
requirements of an alternative which will be compared 
with existing manpower resources. Again, a scale of 
zero to three will be employed for each user to assess 
the manpower available. A score of O indicates that in 
no instance will the required manpower be available, a 
score of 3 that the manpower requirements are well 
within the community capability. 

(4) Final Implementability Assessment. Each 
variable affecting implementability will be considered 
to arrive at a final implementability factor. A simple 
multiplication will be completed to determine the 
implementation factor as follows: 

Governmental 
Power 
Score 

Implementation Implementation Implementation 
x Cost Score x Manpower Score= Factor 

The final implementation factor encompasses range of 
zero to nine, with nine irdicating that the alterna­
tives is highly implementable and zero indicating that 
the alternative is unimplementable. The user may then 
r a n k t h e a 1 t e r n a t i v e s u n d E~ r c o n s i d e r a t i o n b a s E d u p o n 
the implementation factor. 
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7. Ranking and Selection Method 

The final ranking and selection of alternatives will be 
based, to a large extent, upon the planner 1 s individual 
committment to the energy related goals. It is will allow a 
planner who wants only to see some results of the program 
without actually meeting the goals to implements those 
programs that have the least barriers to implementation and 
deemphasize energy impacts. Conversely a planner who is 
willing to implement any alternative with significant impact 
on the goal no matter what the difficulty to implement may 
be can emphasize the energy impacts. But the planner who 
wants to implement a program that will provide the most 
effective and efficient action possible, that will use a 
minimum of manpower and dollar resources and still answer 
the requirements of the goal will be allowed to assess all 
factors. 

This tool encompasses all of the information developed 
in the framework. Portions of the baseline energy survey, 
community characterization methodology, the energy analysis 
procedure and the implementability factor will be combined 
to form a final ranking of the optimum alternatives, and 
final policy package for a given community. 

a. Precedents. Methodologies have been developed to 
evaluate the relative energy savings of various alterna­
tives. These methodologies have, however, inevitably ig­
nored the related factors that determine how many units will 
actually be affected by a given conservation option, and 
what types of social and political considerations will 
impact the effectiveness of alternatives. This firal rank­
ing and evaluation process encompasses barriers st~dies, 
policy studies and energy use studies to formulate one 
concise tool to measure the effectiveness of energy manage­
ment and conservation alternatives. 

b. Method Selected. The method of final selection 
and analysis of alternatives must be complex enoug~ to 
present a valid picture of the actual worth of an alterna­
tive to a community. It must also be simple enough to 
require a minimum amount of calculations and time from a 
planner. While portions of both of these goals must be 
sacrified in arriving at a methodology it is felt that the 
proposed method will best serve the needs of the planner. 
No new data is required in this process. When data is 
called forward from other portions of the framewor~ specific 
table references will be given. 
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A planner 1 s level of committment to energy man­
agement and conservation goals will determine the final 
ranking of alternative. A weighting factor is provided to 
ensure that the final ranking reflects this committment. 
The procedure presented here involves the planner making a 
selection among alternative based upon their energy impacts, 
as calculated in the evaluation step, and their implementa­
bility factors, as developed in the preceding section. 
These two factors, implementability and energy impact, are 
used in a weighted ranking scheme, where the users subjec­
tive priority on implementability versus energy impacts is 
used to provide the weighting. The procedure is executed by 
using Table 73 as a work sheet. Prior to using this pro­
cedure, the user must have the following information at his 
disposal. 

• A listing of the alternatives being con­
sidered; 

• A list of the alternatives ranked on the 
basis of their energy savings; 

• A list of the alternatives, ranked on 
the basis of their implementation probab­
ility; and 

• A subjective op1n1on of his relative 
priority between energy impacts and imple­
mentability. 

The procedure is used in the following manner: 

• 

• 

• 

• 

First, enter the alternatives names in 
the first column of Table 73; 

Second, enter the energy impact rank in 
the second column of Table 73 (l=most 
favorable impact); 

Third, decide the level of priority asso­
ciated with energy impacts, and enter this 
value at the head of the third column Cl= 
high priority, 2=moderate priority, 3=low 
priority); 

Fourth, multiply the values in colunn 2 
by the priority level (weight) assiqned to 
energy impacts, and enter the weighted 
energy impact scores thus developed in the 
appropriate positions in column 3; 
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TABLE 73. WORKSHEET FOR WEIGHTED RANKING AND FINAL SELECTION 
OF ALTERNATIVES 

5.Weighted 
3. Weighted Imple­

mentabi 1 ity Final 

I 
Energy 
Impact 
Rank 

Energy 
Impact Score 
Priority = 

4. Impl ementabi l ityl Score 
Rank Priority= ~"·-- . Score (3+5) 

1 I 

1 . Alternative 

i 
I 
I 

i 
' 

J J 
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, Fifth, enter the implementability rankings 
in column 4; 

• Sixth, enter the priority placed on imple­
mentability at the head of column 5 (again 
l=high priority, 2=moderate, 3=low); 

• Seventh, calculate the weighted rank for 
each alternative and enter it in the appro­
priate position in column 5; 

, Eighth, add the weighted energy impact rank 
(column 3) to the weighted implementability 
rank (column 5) and enter the sum of these 
in column 6; 

• Ninth, select the alternatives with the low­
est scores in column 6. 

The final product of this phase will be an order­
ing of alternatives that reflects their energy impacts and 
their likelihood of success. From this ranking a planner 
will be able to select the highest ranked alternatives tht 
best address his goal for actual implementation in his 
community. 

8. Summary of Framework 

When the framework is followed in totality the com­
munity decision maker will have a complete picture of 
existing and future energy supply and demand factors in his 
community, alternate methods of achieving his specific 
energy-related goal, and a feeling for the magnitude of the 
energy factors involved in the community. 

A primary strength of the methodology is that a user 
may apply it for any level of data that he wishes. The 
(impact of one specific subdivision) may be analyzed or the 
entire community may be studied to determine the complex 
relationships of the various sectors. The tool provides 
universal application to an area that will soon take a 
position in the planning process equivalent to the economic 
and environmental considerations of today. 

a. How the Framework Will be Used. A planner will 
enter the framework under one of two conditions. The plan­
ner will have either a genuine commitment to study energy 
conservation and management in the community, or will be 
confronted with a specific problem in the community (such as 
a fuel-specific energy shortage) that needs to be dealt 
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with. No matter what the planners rationale for using the 
framework, the methodology will remain the same. 

First, a baseline energy survey will be conducted 
to familiarize the planner with all the parameters affecting 
energy and energy policy decisions in his community. Next, 
goals will be formulated based upon the patterns uncovered 
in the survey. From these goals a series of specific alter­
natives will be developed to achieve the desired results. 
These alternatives will be subjected to a quantative and 
qualitative evaluation to determine their ultimate energy 
impact potential. A final ranking and selection will take 
place and the planner will have begun the actual implementa­
tion of an energy management and conservation program. 

b. ~nticipated Format. It is anticipated that the 
framework will be presented in a two volume, workbook for­
mat. The first volume will contain the conceptual back­
ground material and a complete explanation of the metho­
dology. This volume will be as clear and concise as pos­
sible providing a step by step approach to the framework. 

The second volume is anticipated to be a loose­
leaf format. Tabbed sections will separate data needed by 
goal, sector and region. In this way the planner can as­
semble only that data which will be needed to complete the 
analysis and will not be hampered by extraneous materials. 
Also the looseleaf format will allow a specific page to be 
removed for easy reference or to take along for data col­
lection purposes. While the second volume will be rather 
massive this format will allow the planner to arrange a 
pachet of community-specific material that will be available 
for future analysis and information. 

c. Useability Parameters. The framework has been 
carefully designed to conform with the planners realm. 
Definitions in data are consistently made in terms that the 
planner is most familiar with. Calculations are kept as 
simple as possible to allow any lay person to utilize the 
framework. Data sources will be identified for all information 
needed and they are sources which the planner is used to 
working with and has a clear understanding of. 

A minimum of manpower is required to employ the 
framework and in the event that the planner simply has no 
staff to complete the analysis a variety of lay personnel 
may be called in to complete the study. For a small com­
munity this approach may actually be the optimum approach as 
it would involve citizens in the process and foster in­
creased community interest in the program. Groups that 
could be contacted to assist would include various civic 
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groups (Jaycees, League of Women Voters, Kiwanis, etc.), 
senior citizen groups, high school and college groups, or a 
community task force could be developed comprised of repre­
sentatives of all of these types of groups. This approach 
has considerable merit as it would immediately take the 
goals and considerations into the community and increase the 
likelihood of implementation of alternatives and the overall 
success of the program. 

d. Unresolved Conceptual Issues. Several areas of 
consideration in the development of a comprehensive frame­
work for energy management and conservation are unresolved 
at this junction in the preparation of the framework. The 
primary concern is that these areas do not impact energy 
management or conservation in a community to a great degree, 
and the inclusion of these factors in the framework could 
serve to complicate the process without adding sign1ficant 
information. However these considerations could be included 
in the proposed methodology with minor modifications. 

The areas that are not fully analyzed in the 
framework include broad socio/economic and geographic fac­
tors. These areas are extremely difficult to categorize or 
quantify and will be observed throughout the actual devel­
opment of the framework to assess the importance of their 
inclusion. 
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