University of Rhode Island

DigitalCommons@URI

Open Access Master's Theses

1979

PLANNER'S GUIDE TO COMMUNITY ENERGY CONSERVATION

William Ferguson
University of Rhode Island

Follow this and additional works at: https://digitalcommons.uri.edu/theses
Terms of Use
All rights reserved under copyright.

Recommended Citation

Ferguson, William, "PLANNER'S GUIDE TO COMMUNITY ENERGY CONSERVATION" (1979). Open Access
Master's Theses. Paper 481.

https://digitalcommons.uri.edu/theses/481

This Thesis is brought to you by the University of Rhode Island. It has been accepted for inclusion in Open Access
Master's Theses by an authorized administrator of DigitalCommons@URI. For more information, please contact
digitalcommons-group@uri.edu. For permission to reuse copyrighted content, contact the author directly.


https://digitalcommons.uri.edu/
https://digitalcommons.uri.edu/theses
https://digitalcommons.uri.edu/theses?utm_source=digitalcommons.uri.edu%2Ftheses%2F481&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.uri.edu/theses/481?utm_source=digitalcommons.uri.edu%2Ftheses%2F481&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons-group@uri.edu
















CHAPTER I

THE NEED FOR COMMUNITY ENERGY PLANNING
Introduction

Beginning with the OPEC o0il embargo of 1974 the idea that
energy supplies are finite became acknowledged by a large num-
ber of Americans. This oil embargo precipitated a concern on
the part of many individuals regarding the situation of our-
selves and of our country with regard to our energy posture
and energy availability. Cheap and available energy provided
Americans with a high standard of living and helped-=to make
the United States the most powerful nation in the world. By
comparison to today it seems there was very little regard for
or acknowledgement of the importance of energy in the pre em-
bargo era.

A rise in the price of energy is felt in many ways, as
this resource 1s an input to everything we come into contact
with in our everyday lives. Energy is a component to manu-
facturing and production, maintenance and construction, and
transportation. It is an input to the house we wake up in the
morning, to the breakfast we eat, and to the transportation we
take to work. When considering such a pervasive resource it
would seem that everyone could and should have a role in solv-
ing the energy problem. In a sense everyone created it. Every-
one is subject to the implications of it.

Various policies and strategies relative to our energy

situation have been posited by government officials, members
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of Congress, and other informed and responsible groups and
individuals, including AIP. These have been reflected in pro-
grams and statementsl that have been promulgated and, in the
case of programs, some are being implemented. Policies and
strategies center around three broad needs or concerns which
in sum, define our energy problem. These are: (1) the
need to reduce our dependence on foreign/imported oil so as
to remove this country from its precarious position regarding
access to energy and its implications for national security,
balance of trade, and foreign policy; (2) the need to main-
tain industrial and economic growth so as to contipue to sup-
port the standard of living which Americans now enjoy rel-
ative to other countries and to ameliorate the effects of
high energy costs on the socially disadvantaged; (3) the
need to protect and preserve our environment in the face of
continued demand for resource extraction, the construction
of energy facilities, and the adoption of alternative energy
resources. The strategies which have been developed in re-
sponse to these needs fall under the categories of : (1)
petroleum reserve and fuel allocation,2 (2) increased do-
mestic energy production primarily through the use of coal,3
nuclear, and renewable energy resources, (3) energy conser-
vation.

Congress has responded to these needs by employing the
above strategies in six seperate pieces of energy legislation

since 1974.4

The most significant piece of energy legisla-
tion to date is the five part National Energy Act which was

passed by Congress and signed into law by the President on
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utility, Seattle City Light.13 The communities that have

undertaken the development and implementation of piecemeal
plans vastly outnumber those which have undertaken partial
plans. In view of this the goal of the AIP for comprehensive
energy planning at the local level is probably a long way off
and the practicality of undertaking a comprehensive energy
planning effort on a local basis is most often very dubious.
The constraints to undertaking energy planning on the

local level are probably most largely attributed to a lack

of resources rather than a lack of interest on the part of

the planner.14 Some other constraints include a lack of

LA

preparedness on the part of the planning profession to deal
with the energy situation, a lack of understanding of the
planner's role relative to the energy problem,15 a lack of
adequate information to formulate an approach to community
energy planning, lack of manpower, and lack of money.16 An-
other constraint 1s the question as to whether energy is an
appropriate responsibility for the community to take on and
commit resources to.17
Most planners and most community officials probably would
have difficuity committing themselves to this cause and in de-
fending it as a community responsibility. This is particular-
ly difficult when comparing it to other vital community ser-
vices which must be planned for and maintained and which are
more traditional in nature such as education, public works,
fire and police, and administration of the government. In a

recently printed article one community planner defends under-

taking energy planning with the following statements:
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troduction, are large scale undertakings if they are to be
developed in an economical manner. The scale required to make
these facilities economically sound and reasonable put them
beyond the capacity of local government needs in most cases.
Related to the question of scale is scope. Energy supply and
production necessarily have regional implications. Energy 1is
a commodity which is isolated in supply and ubiquitous in de-
mand. O0il is the most extreme example of this with the United
States having to go outside the country for fifty percent of
its petroleum supply.20 This is also true with regard to our
elecricity supply where large scale production and’pooling of
power has been determined to be the most efficient, economical, -
and reliable way to produce power.21 This thinking is illus-
trated by the fact that General Electric Company currently
has orders for twenty nuclear generating units rated at 1360
Mega Watts, each capable of providing the electric needs of
over a million people (approximately the population of Rhode
Island).22

When considering energy conservation the scale and scope
of undertaking programs to implement these strategies are ap-
propriate to‘the capabilities of local government. Because
energy consumption is ubiquitous and is a function of each
final user the scale of programs only have to be extensive
enough to meet the needs of the typical end user in a given
end use sector. Their scope need only be as wide as a given
end use sector which 1s contained within the geographical
area of the community. To clarify, this explanation is pro-

vided. In implementing a conservation program in the res-
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idential end use sector for example a program which can ad-
dress the needs of each housing type in a cost effective man-
ner can be successful in the remaining houses in the universe.
Additionally, the scope of such a program can be limited by
defining the universe geographically as a sub unit of the com-
munity and spill overs outside of the target area can be limit-
ed. Careful definitions of end use sectors and accurate asses-
sment of needs will result in the most valid plans and effect-
ive programs. This requires the application of energy plan-
ning tools and understanding of energy considerations which
are addressed in later chapters.

Jurisdiction is the final reason mentioned foraarriving
at the principle which is behind the decision to center upon
conservation in this paper. Mostly due to the regional scope
of energy production/supply and petroleum reserve as well as
the macro economics and national security implications of
these strategies, regulatory authority and implementation re-
sources lie at the state and federal levels of government.

The National Energy Act provisions, which were briefly de-

scribed previously, is typical of previous legislation which
has placed program resources and jurisdiction, in virtually
all instances, in the hands of federal and state government.

Up to now this placement of programs in the state and
federal levels of government is also true of energy conser-
vation. Our most widely known and significant programs are
delivered by state and federal government. These programs
include tax credits,23 utility conservation programs, home

retro fit loans, school and hospital energy conservation pro-
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of programs which lend themselves to implementation at the
local level and include public awareness programs, code es-
tablishment and enforcement programs, and programs aimed at
the building sector. The intent of this writing is not to
say that these programs have been a wasted effort but to sug-
gest that they have laid a useful framework from which to
follow through to more dffective implementation through a
local approach in conjunction with the introduction of other
programs.

A final reason for focusing on energy conservation as
opposed to the other possible areas is that this sgbject mat-
ter is pertinent to all communities. Although the local plan-
ner is expected to have a role in things such as resources ex-
traction, facility siting, and dealing with the impacts of
energy related projects on the community,27 these problems
confront a minority of local planners. Additionally, the plan-
ing profession is equipped to deal with these considerations
with existing tools which are traditional to his trade.

PURPOSE AND INTENT

As previously stated, the purpose of this paper is to pro-
vide the community'planner with a guide to local energy plan-
ing. This document contains facts, strategies, and consider-
ations to assist the community planner in developing a local
energy plan and program. It is intended that this document
be employed to eliminate some of the problems and constraints
that confront the planner and the planning profession and pro-
vide ideas and information that can be employed to solve en-

ergy problems from the local level of government.
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The following four chapters address the multitude of

considerations for the development and implementation of a
comprehensive community energy plan. Chapter two of this
document establishes the basis for local energy planning by
identifying an approach which draws upon the traditional
authorities, tools, and implementation mechanism of the com-
munity and the community planner. It illustrates how a local
energy plan and program can and must be rooted within these
traditional areas for an endeavor to be a success. Chapters
three and four present data, data collection tools, and plan-
ning considerations to assist the planner in understanding the
energy profile of the community and to apply in thg formula-
tion of policies goals, objectives, and plans. Chapter three
addresses energy for production, construction, and buildings in
this regard. Chapter four addresses energy and land use.
Finally, Chapter five presents resources and mechanisms for
implementation and demonstrates how information presented in
the previous chapters can be applied towards implementation.

In closing this chapter, although the information presen-
ted in this document should ideally be applied in the develop-
ment of a comprehensive energy plan earlier discussion in this
chaptér concedes that most often constraints make this impos-
sible. In view of these constraints, this document is develop-
ment more as a guide than a recipe or formula and is well suit-
ed to application in the development of modified plans or most
preferably integrated into the community master plan. The re-

mainder of this ducument will bear this out to the reader.
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CHAPTER 1

Footnotes

1There is an abundance of printed material of this type
that has been prepared by many individuals and organizations.
There are three particular writings in print that are of par-
ticular pertinence to this study. The are: American Insti-
tute of Planners, Planning Policies '77, {(Washington, D.C.,
1977), pp. 11,12; "New Orleans APA Workshops: How Do You Plan
Local Energy'", The Energy Planning Report, 3 (Oct. 6, 1978):
pp. 6,7; Jeff Forker, '"Viewpoint: Will the Real Energy Pro-
blem Please Stand Up', Energy Management, ed. Jeff Forker,
(Fall 1978 10-13.

Two acts are of particular significance with relation
to petroleum reserve and fuel allocation. The Energy Policy
and Conservation Act of 1975 provides for the establishment
of a '""Strategic Petroleum Reserve' by 12/78 which will contain
a reserve of energy suitable to fill this countries energy
needs for three months. The Fuel Allocation Act of 1974.

3The Energy Supply and Environmental Coordination Act
calls for the conversion of petroleum burning industrial and
power plants to coal. The Power Plant and Industrial Fuel
Use Act of 1978 reiterates this and expands its scope.

4These acts are listed as follows:
The Fuel Allocation Act of 1974, The Energy Supply and En-
vironmental Coordination Act of 1974, The Solar Heating and
Cooling Demonstration Act of 1974, The Energy Policy and Con-
servation Act of 1975, The Energy Conservation and Production
Act of 1976, and the five part National Energy Act.

5An end use sector is a well defined segment of the econ-
omy which consumes energy as a final product. An end use
sector could be the buildings sector. Or it could be types
of buildings; new, old, residential, commercial, public, and
industrial. Or it could be uses within buildings; lighting,
heating, appliances and air conditioning.

6This Act addresses the residential, business, and trans-
portation end use sectors. Income tax credits are provided
to homeowners who purchase energy conservation or solar energy
equipment. Businesses are provided with a 10 percent invest-
ment tax credit for installing energy conservation equipment.
The transportation tax is a tax on gas guzzler cars which im-
poses gradually higher taxes on less efficient cars.

7Several good summaries of the National Energy Act have

been developed. The New England Regional Commission develop-
ed a lengthy summary with editorial note addressing the ef-

12
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fects on New England, the U.S. Department of Energy has develop-
ed an uneditorialized summary, the National Governor's Associ-
ation has developed a very succicnt editorialized summary. These
summaries can be obtained by contacting the respective agencies:
New England Regional Commission, 53 State Street, Boston MA:
National Governor's Association, Hall of the States, 444 North
Capitol St., Washington, D.C.

8Title ITI, Part C, section 361 of this act provides for
the development of State Energy Conservation Plans with the
goal of reducing energy consumption in the state by five per-
cent. The Act authorizes 150 million dollars to make avail-
able to states for the development and implementation of plans
that have been approved by the U.S. Department of Energy. The
Energy Production and Conservation Act is also the first piece
of legislation to address energy in a comprehensive manner by
covering production, conservation, petroleum reserve, pricing,
and planning and management data aquisition.

9American Institute of Planners, Planning Policies '77,
(Washington, D.C.) pp. 11 12.

0Dennis Dickman and Lee Stephen Windheim, "SacTramento
Can Do More With A Lot Less Energy', Planning, vol. 43 no. 11
(Dec. 1977) pp. 24,25.

ll”Energy and Land Use Planning: One County's View'", The
Energy Planning Report, vol. II no. 12 (March 24, 1978) pp. 6-8.

12Robert Cassidy, "A Few Cities Aren't Waiting For The

Next Energy Crisis', Planning, vol. 43 no. 11 (February 1977):
pp. 24,25.

13Robin C. Calhoun andSam R. Sperry, '"Seattle's Energy
1990 Program Conservation Today and for the Future', Technology
for Energy Conservation, Information Transfer Inc. (Rockville
Maryland), pp. 25-36.

14A number of articles in planning publications in recent
years demonstrates the interest of the planner in local energy
planning. See, Comer L. Taylor Jr., "Planning and Energy Con-
servation', Practicing Planner, vol. 8, no. 2, (June 1978),
pp. 6-7.

15Edgar A. Imhoff, "Planners Can Improve Responsiveness
to Surface Mining Reclamation Issues', Practicing Planner,
vol. VI, no. 2, (Sept. 1974), pp. 20-22.

16 . . X .
For more discussion of these points see, Robert Cassidy,

"A Few Cities Aren't Waiting For The Next Energy Crisis'",
Planning, vol. 43 no. 11 (Feb. 1977) pp. 24,25.

17In the Fall of 1978 the American Institute of Planners

met in New Orleans for a three day workshop on "Community















CHAPTER 1II

AN APPROACH TO LOCAL ENERGY PLANNING

Introduction

A local energy plan should have its beginnings in and
derive its basis from functions, tools and authorities that
are already within the repertoire of the planner. Much can be
done to initiate the adopéion of energy considerations on the
local level because energy considerations permeate every com-
munity function. Phased and incremental adoption and intro-
duction of energy considerations into master plans can test
the community reaction to energy involvement and serxe as a
useful trial baloon to the adoption of more specific and mean-
ingful energy planning.

Identification of those community functions which most
lend themselves to intervention on the part of the planner
should be the first step when considering an energy program.
Having a broad understanding of how these functions relate to
energy is part and parcel to this first step. These consider-
ations set the tone for this chapter. This chapter seeks to
set out the framework for approaching energy planning. It
sets out this framework in a broad and comprehensive manner
with an eye toward total integration into a community master
plan. However it also attempts to establish a universally
valid approach from which communities can pluck selected por-
tions to establish an energy program on an incremental basis
without loosing site of the comprehensive context from whence

it came.

16
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Chapter V addresses implementation.

Energy components can be integrated into the comprehen-
sive plan to meet specific energy goals and/or as a means of
attaining related community goals. Establishing provisions
for energy in the plan which are consistent with and contribute
towards the attainment of other goals of the community may be
the best way to assure that progress is made in ultimately ef-
fectuating policies and plans for energy. For example, this
has become a recommended course of action within the 208 pro-
gram.4 208 is a federal program aimed at reduction of water
pollution and bringing water bodies and waterways up to fish-
able and swimmable levels by 1983. The success of the program
is to a great extent dependent on performance at the local
level. One 208 expert advocates that, '"One way to almost as-
sure local implementation of 208 is to show how it can accom-
plish some of the existing desires of the community”.5 This
will help planners to build the coalition necessary to imple-
ment 208. The same can be said for energy, with master plan-
ning advocated as the best mechanism from which to begin the
building of this coalition.

The traditional focus of comprehensive planning on
private uses of land, community facilities, and circulation
are clearly the appropriate areas for which to link energy
planning. The level and type of energy consumption is clearly
a function of the physical size and make up of the community.
Like any other resource which is consumed in the community it
has its social and economic implications. Whether the goals

of the community are explicitly energy goals or not, the form-
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Table II-1 COMMUNITY FUNCTIONS

utilities

tory powers

ity commission, chicf ex.

PRESENT LOOKING FUMNCTIONS
IHPLEMENTATION' IMPLEMENTATION

FUNCTIONS MECHANISMS MCTORS FUNDING SOURCES
maintenance of housing minimum housing code housing inspector, hous- | private, HUD,EDA,CSA,DOE,
stock ing authority,landlords state and local revenues
maintenance of govern- budget, capital improve-}department heads, build- | local and state revenues,
ment buildings ments progqram fng authority, chief exec|.HUD, EDA
maintenance of economic-| taxation chief exec., economic private, EDA,UUD, state
base development department and local revenues
public transit and high- budget, pricing, regula-|public works dept.,city HUD,EDA,DOT,UMTA,state
way maintenance tory powers englneer, transit auth. and local revenues
maintenance of public budget, pricing, regula-jpublic works dept., util- utility revenues,taxes

waste disposal

capital improve-
pricing

budget,
ments program,

public works dept.

fees, local and state

revenucs

FUTURE LOOKING FUNCTIONS

future use of vacant
land

land use plan, zoning

planning bd.,
auth.

planner,
cons, com.,ind.dev.

private, BOR,BLM,HUD,
foundations

site design

subdivision regulations

planner ,building insp.,
city eng., health dept.

local,private

new construction

building code

bldy.
bd.

planner, insp.,

planning

local,private, HUD,EDA

transportation and

land use plan, subdivi-

planner, city enginecr,

UMTA,FHWA, lqcal and

highways sion regulalons, planning bd. state revenues
municipal facilities land use plan, capital planner, dept. heads, local and state revenuecs,
improvements program chief exec. EDA,HUD
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presented are physical aspects‘of the community. Altering
these aspects of the community will affect long term changes
in energy growth because it is the structural and developmental
components of the community which most affect the manner in
which growth in energy consumption takes place. The informa-
tion presented in this matrix can be used as a guide to the
planner or the matrix format can be used as a tool to apply
to specific communities.

The functions which are identified are those functions
over which the community/local government has traditionally
had a role in shaping either through its explicit responsibil-
ities and controls or due to less explicit influencexsuch as
the overall community values and attitudes. Shaping these
values and attitudes is perhaps as important in guiding the
direction of the community as planning itself, especially with
regard to energy.6 The controls and the responsibilities of
the local government are exerted or tended to through many
mechanisms such as building codes and maintenance agencies,
such as the public works department. Values and attitudes of
the community are expressed in many ways including the com-
munity master plan. A more detailed discussion of implementa-
tion mechanisms and resources available to the community will
take place in Chapter V.

The community functions in table II-1 are considered
under two headings. These are "present looking functions" and
"future looking functions'. Future looking functions encompass
those physical aspects of the community that will ultimately

exist and must be planned for but, in fact, do not exist at
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terms which are loosely used iﬁ the planning profession. A
lack of clear definition of these terms can make the task of
plan development much more complex than it has to be. Although
definitions of these terms do vary slightly from planner to
planner and from plan to plan, the most workable definitions
come from Morris Hill. Hill's definitions are as follows:

1. Goal - and end to which a planned course of
action 1s directed.

2. Objective - denotes an attainable goal that has
instrumental value in that it is believed to lead
to another valued goal rather than having intrin-
sic value in 1tslef. Objectives are defined oper-
ationally so that either the existence or nonex-
istence of a desired state or the degree of achiev-
ment of this state can be established.

3. Policy - the specification in concrete details of
ways and means for the attainment of planned ob-
jectives.’

Other terms which are frequently used by the planner in

master planning and which could benefit by definition are as

follows:
1. Ideal - a horizon allowing for infinite progression
in its direction.8
2. Values - the system of preferences which governs

action in society.

To the planner, the relationship of the concepts depicted
by these terms is fundamental. The concepts of ideal, goal,
value, objective, and policy relate to one another on a con-
tinuum. This relationship has been dubbed by one planner as

a system of interlocking circles and spirals depicting "plan-

ning in action”.10 The task of identifying and establishing
the specific make up of these concepts, along with the imple-
mentation strategies appropriate to them, is the essence of

planning. Figure II-3 is one way of depicting the relationship
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of these concepts. The examination of an actual community
master plan will help to specify the possible linkages between
energy concerns and other concerns and components of the master
plan. The document to be examined, forthwith, is a comprehen-
sive plan for a suburban community which is fairly typical of
New England. It is developed and presented in the traditional
mode, with a focus on three major elements: land use, community
facilities, and highways.‘ The community has a population of
15,000 and is 15 square miles in size.

This community has established the following goals in its
comprehensive community plan:

1. To encourage population growth providing such

growth takes place in an orderly and efficient
manner.

2. To provide a range of possible housing densities
based on the availability of public utilities,
physical conditions, community facilities and ex-
isting patterns of development.

3. To broaden the employment base by promoting gowth
of established firms and location of new industries.

4. To promote and insure the use of physically sound
and safe structures for human habitation.

5. To accomodate the expansion of business activities
by providing viable primary shopping complexes and
highway and service areas.

6. To provide an efficient and economical program of
community facilities and services commensurate
with population gowth, in accordance with accepted
standards and in locations designed to best serve
the needs of the community.

7. To provide an efficient uninterrupted flow of both
through and local traffic throughout the Town.

8. To coordinate the development of the town with
those of adjacent communities.

9. To enable the Town to qualify for State and Federal
financial and technical assistance for planning,
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public works, and other development programs.

10. To provide recreation areas for all age groups
in each district of the Town, and to preserve
and imggove water courses and adjacent natural
areas.

Table 1I1-2 presents a framework for analysis of the im-
plications of the goals which have been established by the case
community in its comprehensive plan. This analytical tool can
be used to establish linkéges between the goals of the master
plan and its implications for other characteristics and re-
sources of the community. Figure II-2 provides an assessment
of the case community's goals based on their face value, that
is, out of the context of the comprehensive plan. This first
cut analysis enables the identification of only the ;bvious
linkages which are explicitly expressed in the goal statement.
Use of this matrix allows for the identification of the main
thrust of individual goals and the cumulative impacts of the
goals. Placing these goals within the context of statements of
objectives and policies will enable more detailed and meanin
analysis of each goal and more specific identification of the
impacts. Without knowing these objectives and policies the
goals remain somewhat nebulous and any further attempt to make
judgements about their impacts would be erroneous.

This tool should be used during plan development to iden-
tify those characteristics of the community which are affected
by master plan goals, determine the level of their energy im-
plications, and generate alternatives for achieving the desired
goals in an energy efficient manner and through the attainment

of energy objectives. For example, table II-2 points to in-

creasing accessibility as a desirable objective for the achiev-



Table II-2 IMPACTS OF CASE COMMUNITY'S GOALS

PHYS&COL ACCESS
GROWT AND PROX- INTEN=-
ECONOMIC AND MORE IMITY OF SITY OF DIRECT EN- INDIRECT
STRUCTURES LAND USE LAND USE ERGY USE ENERGY USE
1. Encourage orderly and efficient
population growth, related strong strong indetermin- | strong strong
ate
Z. Egﬁ:iggr?n;azgi1?£i22usé2§m3§?§;t}if indetermin-| strong strong strong potentially|potentially
s 3 s ! te
cilities and current land uses. 2
3. Broaden cemployment base by promoting
growth of present industry and loca- |strong strong indetermin- [indetermin~ | related related
tion of new industries. ate ate
4, [’roT?tc anddcnsgre f_hcl usC.Of phys- indetermin-|{ strong indetermin- {indetermin- | strong strong
ically sound and safe housing. ate ate ate
5. Qgi???g?;g ﬁgcpiggggiéznvgfb?ES;ﬂg;f strong strong strong related strong related
< - € .
. . . . transp.
ping arcas and highway service arecas. (transp.)
6. Provide efficient community facili-
ties and services in good locations weak related strong related strong related
and which serve community needs. (transp.)
7. Provide and cfficient flow of thro-
ugh and local traffic weak related strong related strong related
: (transp.)
8. Coordinate development with adja-
cent communities related related related indetermin- related related
’ - ate
9. Enable the town to apply for TA . v
funds for planning, public works, strong sLrong —— _—
and development programs,
10.Provide recreation areas in all
parts of the community and preserve weak strong strong indetermin- | strong related
ate

natural resources.

62
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ment of three of the ten goals listed. The strong correlation
between energy consumption and accessibility is apparent from
the matrix. Establishing a goal of reducing energy consumption
in the transportation sector through promotion of mass transit
and accomodation of alternative transportation modes would be
very compatable with these goals. This goal would result in
the same implications for ;accessibility as the other three goals,
but for different purposeé. In fact, this community could very
well have improved the organization of its master plan by making
accessibility the goal for the purposes of servicing commercial
districts, accomodating through and local traffic, and achieving
energy reductions in the transportation sector. Objectives
could then more easily be established to achieve the goal which
15 common to these purposes. Other examples can be culled from
this matrix.

The terms '"'direct energy use' and "indirect energy use"
are explained in the next chapter. A knowledge of the facts
of energy consumption, both generic facts and community specif-
ic facts, is very important in energy planning and in the ef-
fective application of the analyf&cal tool provided by table
ITI-2. Chapters III and IV will address these facts as well as

tools for collecting community specific data.
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Footnotes
1Alan Black, "The Comprehensive Plan'". In Principles
and Practices of Urban Planning, ch. 13; p. 349. Edited by
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21bid. pp. 349-371.
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4Federal Water Pollution Control Act Amendments of 1972,
Title II, Grants for Construction of Treatment Works, sec. 208,
Areawide Waste Treatment Management.
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6
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81bid.
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Plan, prepared by the Dept. of Community Affairs, Planning
Division, 1968.
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its collection. Much of the data presented in Chapter III is
generic data. Sources of, and methods for, gathering and utili-
zing community specific data will be presented as well. How-
ever, because community energy data collection 1s such an en-
ormous task the application of generic data to specific commun-
ity circumstances may be the most feasible approach to energy
planning research. j

When assembling daté the planner must understand the dis-
tinction between primary or original data and secondary data.
Primary data is the data which the planner or researcher
collects for himself. Secondary data is data which has already
been compiled by other agencies or individuals. When deciding
whether to undertake primary data collection or to rely on
secondary data the planner/researcher‘must be cognizant of
several considerations.

The collection of primary data 1s costly and time con-
suming. An accurate assessment of costs and time requirements
for undertaking primary data collection must be made prior to
undertaking the task. A decision must be made as to whether
the planning process can accomodate these factors without dis-
rupting its timeliness or creating a project cost imbalance.

On the other hand collection of primary data may be required

due to a complete data gap or due to serious questions of valid-
ity about existing data. Primary data collection can sometimes
provide an educational function that may be useful to the com-
munity and the planner by exposing people to issues and aspects
of their community that they have never had to think about.

Providing for timely public release of the results of the data
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although, as an end product, it may or may not consume energy
in their operation. This type of energy consumption is termed
direct energy consumption. Other end products, such as insula-
tion, do not consume energy but are a factor in the level of
energy consumed directly. Whereas indirect energy 1s a measure
of energy consumed per production output, direct energy 1is a
measure of specific energy input.

As has been previously stated, this chapter focuses on
energy consumed in the manufacture of products, in construction,
and in the operation of buildings. Manufacture of products im-
plies the concept of embodied energy. Under the category of
embodied energy this chapter will be addressing energy consump-
tion in industry and for the production of building materials.
Under the category of direct energy consumption this chapter
will address energy consumed in construction and by buildings.

EMBODIED ENERGY

Embodied energy is commonly expressed in terms of energy
intensity. Energy intensity is often expressed as the number
of BTU's consumed per dollar of manufacturing or the percent
of value manufacturing for energy. Energy intensity can be
applied to individual products or to whole industry groups to
produce a meaningful statistic for use in understanding the
relative level of energy use in the manufacture of goods.

Table III-1 lists the energy intensity of selected end
products. Table III-2 illustrates the energy intensity of New
England industries by SIC. (A more complete list is included
in Appendix C.)

Knowing the energy intensity, embodied energy, of products
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and industries is important in‘two ways. First, it provides
a presentation of data on energy consumed for the manufacture
of construction materials used in the community. Second, it
provides generic data on the energy consumed by the industries
in the community.

Data on embodied energy of construction material gives
the planner information he needs to assess the marginal costs
and benefits of alternative construction projects in the com-
munity. It also gives the builder additional information when
choosing amongst alternative materials and designs for con-
struction projects. Information on embodied energy becomes in-
creasingly important as the cost of energy rises. Future con-
struction or capital improvements that are being considered 1in
the community by building committees or in master plans would
best serve the community through their cognizance of embodied
energy 1in construction.

Data on embodied energy 1is also important when evaluating
community based industries from an energy stand point. In lieu
of energy information for specific plants in the community, em-
bodied energy data for industry groups and products provides
a good indication of the relative importance of energy to vari-
ous firms in the community and to the industrial sector of the
community as a whole. This generic information can be derived
by state for industries from the U.S. Bureau of Census and
Bureau of Mines.2 This information can be used to target pro-
grams or further study. Industries which are energy intensive
have a higher investment in energy and therefore can be ex-

pected to be more concerned about managing energy use in an
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effort to maintain theilr profi%ability and their stability in
the community.

Information compiled by the Rhode Island Governor's Energy
Office verifies the significance of energy intensity data as an
indicator of the importance of energy management to industry
groups.3 In a survey of the nine most energy intensive 1in-
dustries in the state eighty percent of the firms responding
indicated that coping with the cost of energy was important to
the success of their business.

EMBODIED ENERGY AND INDUSTRY

Although embodied energy data is being touted as the fun-
damental information for analyzing industry and planhing conser-
vation programs for industry, the groundwork of establishing a
detailed inventory of manufacturing firms in the community must
be undertaken as the first step. There are several sources
that the planner can turn to for this information. They are
local or regional industrial development agencies, Chambers of
Commerce, the local taxation office, and the state taxation
department. In the state of Rhode Island the Department of
Economic Development has established and maintained a direct-
ory of manufacturers.4 This directory lists all manufacturing
firms in the state by town and by SIC. Similar directories
may be available in other states and regions.

Once the inventory is completed, the firms should be
listed by two digit SIC. Energy intensity data, expressed in
percent value addedS can be obtained from, U.S. Bureau of

Census, Annual Survey of Manufacturers. This information is

available by area by SIC. This energy data should then be
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matched with the inventory by éIC to establish the relative
energy intensity of each industry group. Table III-2 lists
total U.S. and New England energy intensity data by industry
group.6 This U.S. data can be used to compare with area specific
data to obtain a better perspective of the significance of the
local data.

At this point the planner has to make a decision as to
one of three options. They are: (1) begin program development
based on the data obtained, (2) undertake primary data collec-
tion, (3) present embodied energy data to the chief executive
governing body and recommend a direction and resources necessary
to persue that direction. 1In most cases the planner“will want
to undertake option (3) at this stage in order to gain support
and build a coalitidn for options (1) or (2). The decision as
to whether to opt for (1) or (2) largely depends on how conclu-
sive information collected during the first phase of energy re-
search was (energy intensity information), how well targeted
programs have to be in order to be effective, the financial re-
sources available, and the support existant within the community.
At this point the pros and cons of primary data collection
should be carefully considered.

In many cases a decision should be made to persue the
collection of primary data. A needs assessment survey of firms
in the community can accomplish several things. First, it can
help to accurately target informational needs. Secondly, it
can help to reveal whether firms share common needs and concerns
that can be addressed simultaneously in one program or help to

bring firms together to solve their problems jointly. Third,
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it can provide the educational function of getting firms to
think about the issues and problems that face them. Fourth,
it can contribute towards developing a positive attitude on
the part of the industrial community toward the local government
which could conceivably serve as a factor in keeping firms in
the community to remain as part of its economic base.

When undertaking a needs analysis or attitudinal survey
it is important to have a good mail-out questionnaire. There
are several characteristics that comprise a good questionnaire.
A questionnaire should be as brief as possible, present ques-
tions clearly, put as little burden as possible on the respon-
dent without leading him, should posess questions which have a
specific purpose, should be careful to include all questions
that need to be asked. Although this 1list is not exhaustive
these are good guidelines that work in practice. Having some
ideas about what types of programs potentially could be imple-
mented prior to the development of a questionnaire is recommended
where possible. In this way the need for specific programs can
be tested. Use of return envelopes and postage will contribute
towards a high response rate. Use of a cover letter which care-
fully explains the purpose of the survey, which promises dis-
closure of the results of the survey, which emphasizes that pro-
grams for the client group will result from it, and which stres-
ses the importance of responding will also contribute towards
a high return. Appendix C contains a needs assessment and pro-
gram evaluation questionnaire which was utilized by the Rhode
Island Governor's Energy Office in the development and evalua-

tion of programs conducted in the state. Also included in Ap-
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a result most of the informatian presented in this section will
be for that base year.

This section points out the major areas in which energy
is consumed in construction. By doing so, it is hoped that de-
cisions made in the community and by the planner will better be
able to account for the energy implications. The information
should serve as a guide for decision making about construction
in the community. The information presented can be used to form-
ulate specific policies and regulations about methods and materi-
als used for private and/or public construction in the communi-
ty or could be applied during review procedures when consider-
ing new construction proposals. -

0f all the energy used in construction less than twenty
percent 1s consumed ét the job site (direct energy). The re-
maining eighty percent is accounted for by embodied energy.lo
Figure III-1 illustrates that of all the energy for construction
57.4 percent is for building construction where 42.6 percent is
for non-building construction. This figure also illustrates
that 81.8 percent of all energy consumed for construction goes
to new construction with 18.2 percent going to maintenance and
repair. Figure III-2 presents this same information as a per-
centage of all energy consumption in the U.S. The most signifi-
cant areas of energy consumption in construction are highways,
new single family residential buildings, industrial buildings,
and educational buildings as portrayed in Table III-3. Note
also that new residential alterations and additions and highway

maintenance account for significant energy consumption. Table

III-4 lists the ten most energy intensive construction sectors,
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Teble III-3

TEXN CONSTRUCTIOR SECTORS FEQUIRING TEE MOST
TOTAL ENERGY TO FINAL DIMAND I 1967.

OTAL ENERGY
TO FINAL DEMAND

SECTOR WITH INDEX | (TRILLION BTU) PERCENT DIRFCT
New* -Highways 1035.87 39.60
New Residential 1-Femily 780.98 9.94
New Industriel Buildings 463,38 8.23
New Education Buildings . L37.3€ 15.48
New Electric Utilities  303.94 12.69
New Residentiml Alteretions . o »
& Additions o 261.85 2.87
New Office Buildings 258,66 17,80
New 0il & Gas Wells 235, 5k 30.56
o New Other Non-Ferm Buildings _ 231.07 17.50
Meintenence**- Highweys 220.00 43.57
All Construction Sectors 6301 ,0Lxxx 19.52

#Stends for "New Construction."
#%5tands for "Meintenence & Repair Construction.”

®%%Pepresented 9.42% of total U.S. energy reguirement in 1967,

source:Hannon, K Segal, Stein Serber, ‘Energy Use for Building
Construction | (Urbana =Chzmpzign, I1l.: Lnergy.Research
Group, Center for Advenced Computition, University of
Illinois, Februsry 1977) p. 11.
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Table III-4

TABLE 3. TEN MOST TNERGY IRTEZNSIVE CONSTRUCTION SECTORS IN 1067

* Stands for "New Construction.”

#%Stends

SECTOR TOTAL PRIMARY ENERGY IRTENSITY
WITE INDEX (Btu/$)
L3. New* Petroleum Pipelines 147,197

' L2, New Ges Utilities 1h'o,o38
L7. ¥ew Highweys 123,745
63. Meintenance®**- Petroleum Pipelines 117,158
50. Kew 0il & Ces Wells 116,895
TO. Meintenence - 0il & Ges Wells 102,103
58, Meintenence - Ferm Service 96,288
€8, Meintenence - Conservetion & Develorment 92,963
S1. New 0il & Ges Exploretion 92,941
5L, New Other Non—ﬁuilding 89,466

AVERAGES:
A1l New Construction (32 sectors) 74,122
A1l Meintenance Construction (17 sectors) 56,182

for "Maintenence and Repeir Comnstruction,”

source:Hannon, Segal, Stein, Serber, Energy Use for Building

Construction, (Urbana-Champaign,

Il1l.:Energy Research

Group, Center for Advanced Computation, University of

Illinois, Feb. 1977) p. 10.
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note that new highway construction ranks third. These sectors
are of particular significance to the community in that they
are the most familiar and predominant aspects of its physical
growth. A more detailed understanding of their energy compo-
sition reveals alternatives for obtaining energy reductions.
Table III-5 presents the percentage energy embodiment
attributed to the various)components of construction sectors
mentioned above. (note thét direct energy is also included in
Table III-5) This table reveals predominant energy components
in each construction sector. Direct energy and stone and clay
are predominant in the one family home sector while educational
buildings and industrial buildings focus on a heavy énergy em-
bodiment for fabricated metals. Energy for highway construc-
tion 1s heavily oriented toward direct energy consumption.
Analyzing this information in light of what we know about
the energy intensity of materials from Table III-6 provides a
better understanding of the energy implications of information
presented in Table III-5. It also provides a basis of informa-
tion from which to derive alternatives for design and construc-
tion material selection in each building sector. Table III-6
illustrates that from the perspective of embodied energy it
would be desirable to avoid the use of fabricated metals in
construction. Within the stone/clay products category, the
use of concrete blocks is the most desirable alternative when
possible. Within wood products, plywood is a reasonable alter-
native. Glass products present a wide range of energy intensi-
ties, with specialty glass products (for use as structural com-

ponents to buildings etc.) being very intensively consumptive
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Table III-5
ENRBODIVERT FOR COLPONZINTS

O CORSTRUCTICK SECTCRS

educstion

ore family industr new weter
rotericl puildines buildings  buildines  highweys suT=ly
wood 16.4 1.3 2.5 0.7 1.4
paint/ 3.1 3.9 4.7 13.8 0.2
esphzlt
i
stone/ : g 23.2 15.7
cley 23.4 25.8 21.9 3
febriceted 10.6 29.7 16.0 7.6 14.4
metals
tr-nsprota- 3.4 2.4 2.1 2.8 1.6
tlon
'tl"fzde 705 304 4’03 llg 218
. profession- 2.2 1.4 2.4 0.4 1.0
2l services
c .6 1,
direct * 12.2 12.1 18.¢ 47 21.4
other 21.2 20.0 24,2 2.0 41,5**
totzl 100 % 100% 100% 100% 100%
source: The deta used in this teble was extr-cted from
Hannon, Segal,,Stein, Serber 6 Energy Use for
Building Construction, (Urbans-Champaign, I11:
Center for Advanced Computation Universfty of
Illinois). Feb. 1977, figures A5 A7, Al0,
*Direct energy is energy consumed on the jeb site. Included
are cozl, crude petroleum, refined petroleum electricity,

and nztural gazs. Products such as gesoline,
no. 6 oil
be refined

: , diesel fuel
asphalt, road oil "znd propane zre contidered to
petroleum products,

**Cf this category 31.3 percent .is zttributed to steel products,
foundry products,6 znd pipe.



ccterizl unit
gtandard

bozrd bd £t
plywood sq £t
hardwood

board bd £t
glass sq ft
brick &
structur— —
al tile Prick

tile
génecrete
block block
ready mix
concrete cu yd
oement bbl
280 1bs

steel/iron

rocducts 1b
bers, shapes
wire, sheets’
pipes)
alumrinum 1b

rocducts

sheets  rods
bars, shapes. 5

source:Datas was derived from, Harnon
Enewrﬂr TMTea £A+r~ “’]'11""\1’\" r‘_[\v\e‘-v—wp"--nn

E

Tatle I1I- 6
NERGY INTINSITY
CCRETRUCTICE AT
Befcre Telivery
Btu/8 Biuw/unit
65,000 6,000
68,000 5,100
56,000 9,000
ll 800
102,800
185 OOO
340,290 —_—
" 23,000
" 32,400
141 600 29,000
180,100 2.6 mil—-
lion
479,600 1.5 mil-
lion
267,000 30,400
244 200 99,800

SELECTED
37018
Trade & Delivery
Btu/S  Bitu/unit
30,000 2,800
21,300 1,600
30,000 5,000
1, 700
15,200 1o
27,400
17,800 —
" 3,600
" 2,400
13,700 2,800
655 9,400
17,500 55,600
13,900 1,600
3,479 1,400

I11:

Peb. 1977, pp. 41-59.

Center for Advanced Com put<tlon Un.

14 000
13,500

212,400

26,600
34,800

31,800

lion

lo 6 mil“'

lion

32,000

101,200

Seg=1, Stein, Serber,
(U*bbna-Chpmpﬂl ,
of Illlnois§n
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of energy.

Embodied energy cannot be the only factor in material
selection. Material cost, performance, esthetics and other
considerations must go into material selection as well. How-
ever, when these other factors are equal energy intensity of
materials can provide the margin upon which a decision about
building materials and designs are made. Within the buildings
sector various approaches can be taken to reduce embodied en-
ergy content to building construction. Switching to less en-
ergy intense materlals within a products category, substituting
for traditional products with new products, decreasing the size
of structures, reducing dependency on designs that ﬁandate
predominant use of certain materials, such as brick and glass in
schools, can all contribute to the reduction of energy consumed
in construction. Appendix C contains more complete and de-
tailed information on the energy intensity of various building
materials for reference and use in evaluating construction pro-
posals as has been presented in this se;tion. Included in Ap-
pendix C is information on material e which can be factored
into decisions.

In the information for one family dwellings, which is pre-
sented in Table III-5, the large wood contribution to construc-
tion would possibly lead one to the conclusion that this sector
must be the least energy intensive of all building sectors (in
view of wood's comparatively low energy intensity). This is
not the case however, as Table III-7 shows that two to four
family and garden apartment structures are even lower in BTU's/

ft.z This table also points to laboratories, hospitals, librar-



1967 ENERGY EHBODIHENT PER SQ FT OF BUILDING TYPE

1967 SQ FT + § ESTIMATED VALUE

TOTAL SF BUILY
{PER BEA)

NOTES:

1. SOURCE:
2. - SOURCE:
3. SOURCE:
4

1967 1/0 399 LEVEL REPORTED TO F.W. DODGE €O. TOTAL 2 BTU/ TOTAL 2
NEW BUILDING CONSTRUCTION SQ FT $ $/5Q FT 8TU/S SQ FT 8TU PER SECTOR (BTU + BYU/SF)
RESIDENTIAL - | FAHILY 1,050,517,000 13,285,874,0C0 12.65 55.511 702,047  780.98 x 10'? 1,112,432,899
RESIDENTIAL - 2-4 FAMILY 40,609,000 486,827,000 11.99 52,132 625,050 34.8) 55,723,508
RESIDENTIAL - GARDEN 2PT 52,86 6LB LS 147.76 227,868,071
RESIDENTIAL = MICH RISE J52.452,000.  4.323,280,000  12.27 {60,000 735,978 117.96 160,276,608
RESIDENTIAL - ALTER & ADON - - - 51,646 - 216.89 -
HOTEL/HOTEL 35,633,000 581,310,007 16.31 69,184 1,128,655 69.05 61,179,014
DORMITORIES 42,372,000 858,629,000 20.26 70,604 1,430,724 57.82 40,413,106
INDUSTRIAL BUILDINCS 269,650,000 3,700,726,000 13.72 70,864 972,551 463.38 476,458,548
OFFICE BUILDINGS 158,318,000 3,781,344, 000 23.88 68,737 1,641,748 258,66 157,651,585
WAREHOUSES 95,390,000 686,843,000 7.20 77,656 558,432 57.18 103,467,569
GARAGES/SERVICE STATIONS 37,720,000 381,812,000 10.12 76,217 771,489 32,24 41,789,319
STORES /RESTAURANTS 170,146,000 2,188,587,000 12.86 73.18) 941,351  137.01 209,283,984
RELIGIOUS BUILDINGS 41,379,000 793,407,0C0 19.17 65,597 1,257,766 68.61 54,549,077
EDUCAT | ONAL 204,258,000 4,168,058,000 20. 41 67,924 1,386,046 437.36 316,544, 880
HOSPITAL BUILDINGS 65,820,000 1,873,269,000 28.46 60,512 1,722,200 117.20 68,058,263
OTHER NON-FARM BUILDINGS 4 123,698,000 2,564,814,000 20.7) 69,894 1,49, 216  231.07 159, 4Ly 843
a. AHUSEMENT, SOCIAL & REC 42,249,000 834,047,000 19.74 69,894 1,379,793 - -
b. HISC NON-RESIDENTIAL BLDG 43,299,000 682,678,000 15.77 69,894 1,101,994 - -
c. LABORATORIESH 20,387,000 604,970,000 29.67 69,0894 2,074,056 - -
d. ULIBRARIES, HUSEUMS, gre. b 17,763,000 W43,119,000 24,968 69,894 1,743,588 - -
FARM RESIDENCES 29,463,000 303,930,000 10.32 53,773 554,70} 30.22 54,479,560
FARH SERVICE 380,760,000 737,565,500 1.94 76,956 149,071 57.88 188,272,615
TOTAL SQ FT: 3,686,793,446

INCLUDEO IN TOTAL FOR 38

gsource:

Table t-ken from
for Building Construclion,

F.M. DODGE CO., DODGE CONSTRUCTION STATISTICS 1967 (BASED ON CONTRACTORS' BID PRICES)

FROM CENTER FOR ADVANCED COMPUTATION
1963 CENSUS OF AGRICULTURE, VOL. Vv, SPECIAL REPORTS, FARM FINANCE

Table ITII-7

ihanrloll’

Ttese rch Group

Segal, Stein, Serber, Encrgy Use
(Urbans—Champ:ign

. 11T Pnerey
, Center for Advinced Comput: tion, Univer-
sity of Illinoig, Fcbru ry 1977), p. 84.

Z5
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ies and museums as the most energy intensive.
Application of the methodology to specific building con-

struction projects in the community is easily accomplished. The

procedure is as follows:

1. List the materials to be used in the construction
project.
2., List the quantities of each material.

3. Refer to Table III-6 (or Appendix C for more
detail) and determine the BTU/unit value for
the materials listed.

4., Multiply the quantity of the material by BTU/unit
value in Table III-6.

5. Total the figures that were determined in number
four, above, and determine the percentage of en-
ergy ambodiment for each material component.™

Table III-8 presents an example of how this is done for a
typical one family housing unit. The predominance of brick in
this particular structure is apparent. Table III-6 portrays
brick as a very energy intensive building material Reduction
in the amount of brick used in this structure would result in
considerable energy savings. Replacing the brick with wood
construction would require 1,876 board feet to cover the same
surface area. The comparative BTU embodiment would be 425.6
million for the brick and 16.5 million for use of the wood sub-
stitution.

Referring again to Table III-5, opportunities for savings
in the non buildings sector can be identified. Two predominant
components of the community infrastructure are the water supply
system and highwavs. Table III-5 points out that a considerable

protion of the energy embodied in the water system is for steel,

with pipe being one of the predominant steel products (see foot-
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note). Table III-9 illustrates the energy advantages inherent
in the use of plastic pipe with steel pipe consuming about 2.7
times the amount of energy to produce an equal amount of plastic
pipe.

A viable and more energy conscious alternative exists
with regard to material components to highway construction and
maintenance. Table III-5 shows the high direct energy component
to new highway construction. Highway maintenance construction
exceeds this fugure of 47.6 percent direct energy for new high-
wavs with a direct energy requirement of over 52 percent.12
This high direct energy contribution in highway construction 1is
due to the heavy use of asphalt which is considered a refined
petroleum product. The use of bituminous emulsions as an alter-
native to liquid asphalts and asphalt cements can reveal energy
savings because emulsions utilize less petroleum product as an
ingredient and can be prepared for application with little or
no heating. Since 1974 the FHWA has been encouraging the use of
emulsified asphalts to save energy. The FHWA estimated that in
1972 309 million gallons of petroleum product could have been
saved in the U.S. through use of emulsions rather than tradi-
tional cut back asphalt products.13 Table III-10 shows why this
is so.

Energy savings can be obtained in three ways with regard
to asphalt applications.14

1. Substitution of plant mixed emulsified asphalt at
ambient temperature for hot plant-mixes using ash-
phalt cement. The primary energy saving here 1is

elimination of the fuel required to heat and dry
the aggregate.
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Teble III-C EIRhERGY EZCDIZD IR TFIPE

COMPLRISON OF STEXL PIPE & PLASTIC PIPE
(UNIT: LINEAL FOOT)
PLASTIC PIPE (PVC)

Diameter 1b/1f ~ Totel Btu/unit
3" 1.53 71,34k

L 2.16 100,821

6" 3.76 175,329

8" 5.80 ‘ 270,45k

STEEL PIPE

Dismeter lb/lf Total Btu/unit
3" 7.58 195,663

L 10.79 278,522

6" 18.97 489,673

8" 28.55 736,961

source:Hznnon Stein Segtl, Diebert Buckléy, Nethecn Enerzy
Use for Building Consiruction. Supplement (Urbana-
Chumpzign, 1ll.: knergy nese rch Group, Center for Ad-
vinced Computztion, University of Illincis, October 1777),
p.ll.
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Teble III-10 ENZRGY 2RELUIR'D TC FRIIUCE 1D
ASTHE LT LLLTZIRIVLS
Treyrcoy Reldvirzd to rreluce ATn Lt
cnoersy
trre of recuirca® g._lons
n terisl {(2=n/ecc1lon) per ton
~spnt it cement . 2,500 235
liguid zsph:-lt:
RC-250 46,200 24 Q
2C-250 47,000 249
SC-250 51,800 245
mulsified zephelt:
RE-2 2,070 241
CRS~2 2,1C0 241
HS=2 2,180 241
Ci.5~2 2,1G0 241
Enercy Reouired to Froduce lMixes**
type of B“cu/yd2
mix 1 incn thick
Hot Plont-l'ix Asphzlt
Concrete 27,800
Emulsified fLsphelt
Pl nt-lix 15,600

*Does not include energy potenti:l of b se ssph-1t,

> *!‘.

one irch loyer of =

-

.\

ach mix m~y not be structurslly ecui

relent,

source:Transportation Resecrch Bonrd, Bituninous Ernulsions for

Highvway ro

venents

Rese:rch Bo;rd,

(n~Sn1“‘t0n D.C.: Tr neop.rtetiin

1475) p.5.
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2. The use of emulsified hot-plant-mixes. Energy 1is
saved here through the reduction of temperatures
for the production of mixes to 220 to 260 F.l15

w

Improved efficiency in the production of hot plant
mixes could result in a savings of 22 percent accord-
ing to the National Asphalt Paving Association.16
The capability of emulsified asphalts for some applica-
tions is not yet fully agreed upon within the industry however,
and caution should be takﬁn to determine this for specific ap-
plications. Table III-11 lists the various applications of em-
ulsified asphalts which have been made in a number of states.
U.S. DOT advises that engineers and technicians should receive
special training in the use of emulsions to take advantage of
maximum application and to ensure proper application®™ Table
IIT1-12 illustrates the amount of asphalt products used in build-
ing construction sectors. Emulsions and other alternatives pre-
sented in Table III-13 may be substituted here as well.
ENERGY CONSUMPTION BY BUILDINGS

This section addresses energy consumed by new and exist-
ing residential and commercial buildings. Table III-14 illus-
trates that the sectors consume a considerable amount of energy
nationally. In the New England region, where the economy has
matured and become oriented towards services, the contributions
by these sectors is even more pronounced. Most of the energy
consumed by these sectors is for space conditioning, heating
and cooling, and as a result this section will focus primarily
on the thermal efficiency of construction. Space conditioning
accounts for approximately 75 percent of the energy consumed

in the residential sector and for about 50 percent in the com-

mercial sector.
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A= Stote vece of Emulsions by Cloes tnd Tv.oc
rigmic Tzoulisioens Ceotionic Tmulsion
Torre used =z 0T Stetes Tvie usedc = oI St Tes
33 26 CRE 35
WS 13 C..9 16
£8 35 , C5S 20
j
B- St te Use of Exulszione by Construction Itenm
Trznsport .tion Rese-rch Zo rd Survey
construciion item # of stutes
surfzce tre-ctments =nd 42
sezl cozts
s0il stebilizztion™¥* 6
base course mixes 15
surfzce course nizxes 13
oter (se:ls  petches, etc.) 14
C— Stzte Use of Emulsions by Constructicn Item
"Rurzl and Urbsn Roads"Survey
censtruction item # of stsotes
surfzce trestments and __ 38
sec]l cozts
slurry sezl trecztments ~—————- 24
cold or hoct patching  __ 15
mixes
subtases 00000000 cee——— 8
coe mixes 0 em—eee 15
cold-mix surf:cing - ———e—- 10
shoulders @ —————— 20
primes  ——e———— 30
*Inforn.ticn used in tzbles -~ .nd B was comriled in o 1C74
survey ol the Tronsprotstior Resezrch bo rd cntitled “Sur-

Irform tion

Stetes ere Using Emulsions”,

1972) pp. 40-44,

are better for this ty.e of use then petroleunm ,
sphalts because they zre more compatible with plents,
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Table III-12 SUNMARY ZROLFDUWN CF REFINED PZTROLEUN US:-GE
PER BUILDILNG SEICTOR IN BTU X 10 *¢
:
ASPHALT LIQ
& CASOLIKNES FUZL PETROL  LUB
BUILDING TYFPE ROAD OIL . GAS DIZSEL  QIL GASES 0ILS  TOTAL
Residential 1-Femily 55.38 31.%1 - 1.82 - 0.05 88.66
Residentinl 2- to L-Fem 3.52 0.5k 1.27 - - - 5.33
Residentiel Gerden Apts 17.28 2.01 5.19 0.53 - 0.02 25.03
Residential Highrise Apts 13.92 2.29 6.22 0.28 - 0.02 22.63
Residentiel Aéd'n & Alt 5.09 2.17 - 1.k42 - 0.02. 8.70
Botel/Motel 8.72 1.46 3.78 - - 0.02 13.98
Dormitories 7.50 1.28 3.k5 0.27 - ° 0.02 12.52
Industrial Buildings 20. Lk 3.17  1k.L7 5.68 0.93 0.12 Lk.82
Office Buildings 31.68 5.38  1b.L3 0.85 0.97 0.08 53.37
Werehouses L.09 ©.50 2.22 0.75 - 0.02 T.58
Carage/Service Stations 3.48 0.65 1.5k 0.27 - - 5.9L4
Stores/Restaurants 25.0L 4.88 11.58 1.66 - 0.08 L3.2L
Religious Buildings 7.31 0.70 k.52 0.57 0.02 13.12
Educational Buildings LE.59 L.10  26.16 1.13 - 0.08 78.35
Hospitals 1k.03 0.7k 7.63 ~ - - 22.L0
Other FRon-Farm 26.93 L.90  13.04 1.98 - 0.08 L6.93
Ferm Residential 0.84 0.9 - 0.25 - - 1.58
Farm Service 1.1k 1.17 - 0.83 - 0.02 3.16
Sub~Total FKev Building 292.98 67.84 115.68 18.29 1.90 0.66 4§7.35
Percentages New Building 58.9% 13.6%2  23.3% 3.7% 0.4% 0.1% 100.00%
M + R Residential 15.78 " 9.L2 - - 0.72 - 25.92
M + R Non-Residential 15.94 15.08 1.29 7.26 0.17 3.7
M + R Farm Residential 1.37 0.8s - - - - 2.22
M + R Fearm Service 1.38 0.24% - 0.60 - - 2.22
Sub-Total M + R 34,47 29.59 1.29 7.86 0.72 0.17 7L.10
Percentages M + R L6.6% 39.9% 1.7% 10.6% 1.0% 0.2% 100.00%
TOTAL _ 327.45 97.43 116.97 26.15 2.62 0.83 5T1.k5
PERCENTAGES 57.3% 17.0% 20.5% L.6% 0.5% 0.5% 100.00%
source:Hannon 6 ctein, seg-l, Diebert, Zuckley 6 Ncthon ZXnercy
Use for Building Construciicn  Suvpcvlement, (Uxb.na-
Champaign, Ill.: Energy Hesc rch Group, Center for isdvon-

ced Cozput:tion, University of
P.52. Datz for bise year 1967,

Illinois, October 1377),
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Table ITII-13 ALTERNATIVES FOR TYrITAL RESIDENTIAL DRIVEWAY

(1)

(2)

(3)

(10 wide x 45' long)

A Energy ¢ Labor Cost
Material (Btu x 10°) (man hours) (1977 $)
Asphalt (1) 2k.3 34 $ 420
Concrete (2) 20.3 27 930
Concrete strips (2) 6.1 8 280
Brick (3) 69.1 60 1,280
Notes:

Asphalt Material - Mix by weight: 6% asphalt, 94% aggregate
(Civil Engineering Handbook); 1 ton of asphalt = 235
gallons (Asphalt Institute); 1 CF of asphaltic concrete =
145 1bs (Asphalt Institute); 1 gallon of asphalt =
158,100 Btu (EBC Supplement, Table 5). )
Therefore, 1 1b of asphalt = 18,577 Btu and 1 CY of
asphalt concrete = 4,363,740 Btu.

L" thick driveway = 5.56 CY.

Labor and cost -~ Applied in two layers (1977 Dodge Manual)
top course, 1%" = 0.27 man hours/SY & $5.00/SY
base course,?%" = 0.40 man hours/SY & $3.37/SY
Total, L 0.67 man hours/SY & $8.37/SY

Concrete Material - 1 CY ready mix concrete = 2,594,338 Btu/CY
(EBC p. 50); 1 1b welded wire mesh = 24,187 Btu (EBC p. 55);
6 x 6 x 10/10 mesh = 21 1b/CSF (conc. Reinf. Stl. Institute
Design Handbook); 5" thick conc. drivewsy = 6.94 CY of conc.
and 94.5 1b of mesh; 2 ~ 18" strips 5" thick = 2.08 CY
of conc. and 28.35 1b of mesh.

Labor and cost - 5" thick reinf. conc. paving = 0.54 man
hours/SY and $18.63/SY (1977 Dodge Manual).

Brick Material - Brick on edge = 6 bricks/SF; ea brick =
25,582 Btu (EBC p. 4g).

Labor and cost - Brick set in sand = 1.20 man hours/SY
and 25.65/SY (1977 Dodge Manual).

source:Hannon, Stcin, Diebert, Bucxley, Nathan, Energy Use for
Building Cons%ruction_ Supplement (Urbune—Ch:mpaign,
111.: Bnergy Reserrch Group, Center for Advanced Compu-
t.tion, University of Illinois, Cctober 1977), p.63.




Table I1I-14 LENERGY USEH BY CONBINED
RESIDENTTAL/CUkMERCIAL SHCTOR
12

(10°° Btu)
totel primary total energy usce 5 by residentinl/conm,
energy use (point of usc) of 1l U.S, enerey use
14,132 11,436 29.9
17,759 13,778 30.4
23,221 16 988 - 30.4
24 848 17,584 31.2

source:Table derived from, Liepins, Smith Rose Haygood,
Building Enerpy Use Data Book (Dak Ridgze Tennessce:
Oak Ridge Nation'.l I boratory April 1978) pp.18,19.

et
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Other significant areas of energy confumption are for lighting
and water heating.

As was previously stated, the largest area of energy con-
sunption in the residential/commercial buildings sector is space
heating. This energy consumption comes as a result of the need
to establish and maintain a steady state environment for man.
Steady state refers to the temperature, humidity, and even light
levels that occur in buildings for man's comfort and convencience.
We have already discussed the energy which 1s consumed to cre-
ate the structure within which this mini environment is con-
tained but, the other aspect is the energy consumed in maintain-
ing the internal environment. Climate, of course, ig a big
factor in the level of energy which is consumed within structures.
The greater the difference between the outside conditions and
the desired inside conditions the more energy will be required
to create a steady state internal environment. Climatic consid-
erations will be discussed in the next chapter.

The performance of materials was presented in the pre-
vious section as an important consideratlon in the selection of
materials for construction. In addition to structural per-
formance and other considerations, the thermal performance of
materials should be a consideration. In many states this 1s al-
ready the case. As of January 1979 39 states have adopted
statewide building codes containing thermal efficiency pro-
visions. These codes are minimum standards and are left up
to the local community to enforce. It would be advisable for
communities to strive to exceed these standards by adopting

more stringent code provisions or adopting review procedures
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which encourage more energy efficient construction, at least
with regard to public building construction. Taking measures to
weatherize existing structures by modifying buildings with ma-
terials having good thermal properties is also recommended.

Table III-15 lists the U value and R value of various

building materials. The U value represents the rate of heat
transmission through a material expressed in BTU/ftZ/OF/hr.
The R value 1is its reciprocal. U values and R values are used
to rate materials for their thermal efficiency. The lower the
U the more energy efficient the material. The higher the R the
more energy efficient the material.

In the previous section the embodied energy ofmthe con-
struction material was the point of focus. However, no de-
cision about the selection of a material for energy conservation
purposes should be made without considering whether it 1is im-
portant in terms of the thermal efficiency of the structure,
and if so, what the thermal performance of the material is.

Any material which makes up the outside shell of a building
should be assessed for its thermal performance.

Figure III-3 and Table III-16 illustrate the implications
of building material selection on energy consumption in build-
ings. A square foot of the wood frame wall with insulation
has a total R value of 13.79 as compared the brick on wood
frame wall with an R value of 14.01. This extra R value was
achieved at a cost of an extra 94,140 BTU per square foot em-
bodied in construction. The long term comparison of these op-
tions is presented in Table III-16 where the energy consumed

over a twenty year period in the brick construction is 324,206




Weood beve! siding, 1/2 x &, lzoped

Wood sicing shingles, 16", 712" expesure
Ashestocs-cement shingies

Stucce, per inch

Building pzper

12" nzii-base insul, board shezthing

1/27" insul. board shezthing, regular censity
25/32" insul. board sheathing, regular censity

1/4” plywood '

3/8™ plywood .

- 12" plywood

5/8" plywood

1/4" hardboard |
Softwood, per inch
Softwood board, 3/4" thick

Concrete blocks, three oval cores
Cinder aggregate, 4™ thick
Cinder aggregate, 12" thick
Cinder 2ggregzte, 8" thick
Sand and gravel aggregate, 8" thick
Lightweight aggregate (expanded clay,
shale, slag, purmice, etc.}, 8" thick

Concrete blocks, two rectangular cores
Sand and gravel aggrege:e, 8" thick
Lightweight aggregate, 8" thick

Common brick, per inch

Face brick, per inch

Sand-and-gravel concrele, per inch
Sand-and-gravel concrete, 8 inches thick
1/2" gypsumboard

5/8" gypsumboard .

1/2" lightweight-2ggregate gypsum plaster
© 25/32" hardwood finish flooring
Asphalt, linoleurn, vinyl, or rubber floor tile
Carpet and fibrous pad

Carpet and fozm rubber pad

Asphalt roof shingles

Wood roof shingles

3/8" built-up roof

Glass
Single glass (winter)
Single glass (summer)
tnsulating glass {double)
1/4" air space {winter)
1/4" air space {summer)
~ 1J2" air space {winter)
1/2'" air space (summer)
Storm windows )
1* 1o 4" air space {winter)
1" to 4" air space (summer)
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Insulztion .
2" — 24" thick
3" — 4" thick
§" —~ 7" thick
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R-7.00
R-11.00
R-19.00

source: Insulaticn Marnual

OF STRUCTURAL AND FINISH
TIONS, AIR SFACCS AND
Air Spaces {3/4")
Heat flow UP
Non-reflective R-0.87
Refleciive, one surface R-2.23
Heat flow DOWN
Non-refiective R-1.02
Reflective, one surface R-3.55
Hezt flow HORIZCNTAL
Non-reflective (2150 same for 4™ thickness) R-1.01
Reflective, one surface R-3.48

Note: The addition of 2 second refiective surface
facing the first reflective surface increases
thermal resistznce values of an air space only
4 to 7 percent
Surface Alr Films
INSIDE (stilf 2ir)
Hea: fiow UP (through horizontal surface)

Non-reflective R-0.61
Reflective R-1.32
Heat flow DOWN (through horizontal surface)
Non-reflective R-0.52
Reflective K R4.55
Heat flow HORIZONTAL (through vertical surface)
‘ Non-reflective R-0.68
OUTSIDE
Heat flow any direction, surface any position
15 mph wind (winter) R-0.17
7.5 mph wind [summer) R02S

Exampie calculations
(to determine the U value of an exterior wall)

Uninsulated fnsulated

wall Wall
Wall Construction Resismnce  Resisance

Qunside surface (film}, 15 mph wind 0.17 0.17
Wood bevel siding, lapped 0.81 0.81
1" ins. bd. sheathing, reg. density 1.32 132
314" air space 1.01
R-11 insulation 11.00
%' gypsumboard 0.45 0.45
Inside surface (film) 0.68 0.68

Totals o 444 14.43

'For uninsulated wall, U =l _-y=o02

R~ 4.44
Therefore, heat loss for the above uninsulated wall section
ata +10° F. outside design temperature is equal to

0.22 x 60 (or 70-10) equals 13.2 Biuh per sg. fL. of wail
section.

‘For insulated wall, U = LA U=0.07

Therefore, heat loss for the above insulated wall section at
a+ 10° F, outside design temperature is equal 10 0.07 x 60
{or 70-10) equals 4.2 Bruh per sq. fr. of wall section.

Additional resistance values can be obtained from ASHRAE
Handbook of Fundamentais published by the American
Society of Heating, Refrigerating and Air-Conditioning
Engineers.

(Rockville, Nd.:Nationzl Associztion

of Home Builders Hesezrch Foundation, Sept 1971) p.22.
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Pigure III-3 CONPARISON OF TVWO Wall SECTICHS

BRICK ON WOOD FRAME WALLS WOOD FRAME WALLS

emboaied exbocdied
enercy, enerey,
R.valtce Btu/Tt R valne Btu/ft
1. outside surface .17 —_— w17 -
2. wooé shingles - — , .87 7,315
3. brick/masonry Y 105,004 — 1
4, 1" zir sp=ce .97 - _— -
5. bldg peper .15 —_— .15 —_—
€. plywood 4T 5,779 .62 7,705
7. 4" =2ir space .97 _— .87 -
8. gypsum w..11 board .32° 5,297 <45 6,920
g, inside surface .68 —_ .68 —_—
gubtotal 4,17 116,080 3.91 21,940
10, 2448 3.5" insul-
oy atlon 11.00 &,860 11.00 €,860
total 15.17 122,940 14.21 28,800

note: Difference in figures for plywood znd gypsum wall board
due to thickness of mzterizl required for the two types
of construction, :

source:Teble derived from, Hannon, Segzl, Stein, Serber EInersy
Use for Building Constructicn, (Urbanz-Ch-mpaign, 1ll.:
LDErgy nesearcn usroup, lerter for Advanced Coxputztien,
University of Illinois, February 1977) pp. 96,97.
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Perle III-16 CCIFLRISIR CF

oONSTR

- ‘h.«,

RUCTI

(New York City)

T OINIROY EMIODTMENT AND

Ooh

COMPARISCN CF AND CPEEATIONAL INTRGY TTMAND
CR HIATING [“FCSID BY [ .SIUARE FGLT OF SINGLI GF DOUZLI GLAZING
1 SF Erbocdied Annuel Dezend/ST
Btu U-Factor KYC (L,8LE deg day)
Gless: &) Single glecs 15,430 1.13 131,577 Bty
b) Double with +x" sp 35,860 .65 75,628 Bzu
c¢) Double with #%" 30.860 .58 67,484 Btu
Over & 20-year period, 1 Square Foot of gless will require (E=bodirent & Demand)

e) Single gless: 2.6k million Btu
b) Doudble with X" sp 1.5k million
¢) Double with %" sp 1.38 million

Ko. 6 Fuel 0il
Equivalent (gal)
17.6
10.3
9.2

COMPARISON OF ITWTRCY TMRODIMENT AND ANNUAL OPERATIONAL ENZRCY DEMAND

note:Paint one coat every 5 yeers,

source:Hanrnon Segal, Stein,
struction, (Urb: na-Chic

Center Tor sdvanced Computation, Un, of 111,

pp.102,103.

FOR HESTIN; IMPOST. 3v 3 SCUARE FOOT CF WOOD FRAME WALL WITH VARYING
TEICKNESS CF INSULATION
no., 6 Futl
Rominal Type Embodied Annual Total Energy -0il.
Wall . of Inergy Demand  Consumed Over Zquivalent
Tnickness Framing Insul. U-Factor (Btu) (Btu) 20 Years (Btu) (Cal)
Brick Veneer Wells
" 2 x b 8 167 0 .2L 119,566 27,92k G78,0L6 L.sz
© 10" 2.x L € 167 3% .085 126,L0€ 9,889 32k,206 2.16
Shipgled Wells _
A 2 x b @167 0 .25 25,Lp6 29,088 617,356 k.12
A" 2x k@ 16" 3" .10 31,126 11,635 273,996 1.83
| 2 x kL @ 16" 3" .085 32,286 9,889 2Lo,236 1.60
6" 2 x 6 € 2L 5" .051 3L,670 5,93k 163,520 1.09
L 2 x8 €24 =" .0L3 38,07k L,889 146,024 0.97
18" (2) 2 x L @ 2u" 9%" .032 Lo,17 3,770 125, Tul 0.8
12" (2) 2 x b & 24" 11%" .025 2,274 2,932 111,08k 0.7k
1" (2) 2 x bk € 24" 134" .022 bk, 3TL 2.560 105, Thk 0.70 -

reshingle 50% every 20 yezars,

Serber Ener~v Use for 2uilding Con-

palgn,

I1ll.:Lnergy nese rch Greu
, feg. 1877

X
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Table III-17 ENERGY USE IN EXICTING NEW YORK
OFFICE BUILDILGS

_ _ "Energy
No. of & of $ of Consumption Average
Dates Bldgs. Bldgs. Area (Btw x 103)' Consumption
Before . - ’
1900 3 6.8 1.1 - 83=115 i 95
1901 - '

. 1919 8 18.2 12.8 76-135 105
1920 - o _ .
1940 18 40.9 28.3 68-223 109

1941 - ‘ i

1962 12 2743 36.2 66-198 : 126
1962 - _ ’
1970 3 6.8 21.6 78-163 115

source:Syskagn;&_ Hennesey Fhise I report for"Enersy Conssrva—
tion in Txisting Uffice Buildings" (:i~w York: 110 ‘est
50th Strect)p.III-20,
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per ftz as compared to 240,236~in the wood frame construction.
The option of reducing glass area, which was considered to be an
energy efficient alternative in the previous section on energy
embodiment, also is shown to be the wise alternative from the
point fo view of thermal performance of materials as is shown
in Table III-6.

The most likely targets for energy conservation programs
in existing buildings are those which have walls that are con-
structed with materials possessing poor thermal performance.
Many commercial buildings, particularly supermarkets, chain
stores, and public buildings are constructed with thermally in-
efficient brick, cinder block, etc. Figure III-4 illastrates
that older homes are typically underinsulated. Conversely,
Table III-17 shows that in office buildings older structures
are more energy efficient.

Street surveys of structures in conjunction with mail-
out survey results is a method which can be used to assess the
energy reduction opportunities in the residential/commercial
building sector of the community. A sample questionnaire for
conducting mail-out or phone surveys to determine insulation
levels and general thermal efficiency of residences by age,
size, location and other characteristics is included in the
appendix. A sample structure street-survey questionnaire is
included in the appendix as well. The street survey would be
used in the field to inventory the condition of building stock.
These surveys are typically done by housing authorities, re-
development agencies, and community development agencies to

establish base data for improvements to be undertaken in pro-
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"grams. Including additional information regarding the age of
structure and the construction materials used in the shell would
take very little extra time and would provide valuable informa-
tion for the formulation of energy conservation programs. Match-
ing the street-survey inventory of structures with the results
of a survey of a sample of buildings in each building category
will provide information to help in targeting programs.
CONCLUSION

Chapter three has dealt with energy savings available

through conscientious and informed selection of materials for

use in construction. The performance of building materials

-
b

as well as the energy embodied in materials have implications
for the most efficient use of energy resources. Through the
application of tables and figures enclosed in this chapter and
its corresponding appendix the energy implications of specific
decisions about the physical growth of the community can be
determined. Also, through other information which has been
presented in this chapter, a more generalized picture of the
implications for energy and approaches to community energy plan-
ning have been conveyed. Finally, planning and research tools
have been presented that can help give the planner insight to
the energy situation, both in terms of its use and the attitudes
related to it in the community, and guide him toward an appropri-
ate response in plans, programs, and recommendations to decision
makers. Whereas this chapter has primarily examined the build-
ings sector and approaches to analyzing it, the next chapter
will look at the overall community and the linkages among it

and portray energy implications in a less quantifiable manner.
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CHAPTER III

Footnotes

lIt would be inappropriate for this study to dwell upon
research methods. However, for further information see, Read-
ings in Evaluation Research, ed. Francis G. Caro, (New York:
Russel Sage Foundation, 1975): The Language of Social Re-
search, ed. Paul F. Lazarsfeld and Morris Rosenberg, (New
York: The Free Press).

2The most appropriate document to this discussion is,
U.S. Department of Commerce, Bureau of the Census, Annual
Survey of Manufacturers. For a listing of other energy data
compiled by the Bureau of the Census see Appendix C.

In a survey of the nine most energy consumptive/energy
intensive industries in Rhode Island which was conducted by
the Governor's Energy Office in the summer of 1978, 78 per-
cent of the firms responding considered coping with energy
costs to be important to the success of their business, "In
dustrial Sector Energy Conservation Survey'", Governor's En-
ergy Office, July 1978.

4Rhode Island Director of Manufacturers, Rhode Island
Department of Economic Development, 1878.

SThe U.S. Bureau of Census defines value addel as
follows: '"This measure of manufacturing activity is derived
by subtracting the cost of materials, supplies, containers,
fuels, purchased electricity, and contract work from the
value of shipments for products manufactured plus receipts
for services rendered. The result of this calculation is
then adjusted by the addition of value added by merchandising
operations (that 1s the difference between the sales value
and cost of merchandise sold without further manufacture,
processing, or assembly) plus the net change in finished
goods and work in progress inventories between the begin-
ning and end of the year." See Appendix C for a complete
1ist of industries energy consumption by percent value added
for New England States and the overall U.S.

6The average cost of a million BTU's of energy in New
England is $3.94. This figure can be applied to the data
in this table to determine the part of the dollar which
goes to energy in New England industry groups.

7Note that by following these guidelines the Governor's

Energy Office questionnaire to industry had a 27.6 percent
response rate.

Hannon, Segal, Stein, Serber, Energy Use for Building
Construction, (Urbana-Champaign, Ill.: Energy Research Group,
Center for Advanced Computation, University of Illinois,
February 1977), abstract.
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in Chapter IV. Information iﬂ this chapter is primarily use-
ful as a qualatative guide rather than as a basis for a speci-
fic quantitative analysis.

Space and form are the key concepts examined in the
chapter. Space is important because the manner in which the
space is used has direct bearing on the amounts of energy which
will be used in communication across that space. The efficient

consolidation of space will result in the most efficient use

of energy. Form refers to the urban landscape and natural
relief, which combined, compose the topography of the com-
munity. Form 1s an important consideration from an energy

standpoint because natural terrain affords opportunkties for
energy conscientious community growth that can be realized
through proper design of the man made form. 1In this chapter
the concept of space primarily applies to transportation and
infrastructure within the community and the concept of form
primarily refers to building and site design.
SPATIAL CONSIDERATIONS
Overview

The energy for communication1 is one of the most funda-
mental aspects of community energy use and can be understood
intuitively, yet quantitative data regarding the specific en-
ergy use for different land use patters 1s scarce. Intui-
tively, one understands that time and energy are required to
transport something between two points in space. One can
also readily accept the fact that the greater the space be-
tween two points the greater the costs for communication be-

tween them. An entire body of economic theory is constructed
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The technology which enabled society to reduce the fric-
tion of distance required markedly different inputs than did
previous modes of transportation. The new means of communica-
tion and transport require substantial amounts of fuel and en-
ergy in theilr operation and manufacture. Table IV-1 illustra-
tes the 1ncrease 1n energy consumption within the transportation
sector which has occured in the United States, with transporta-
tion currently accounting for 25 percent of all energy use.

The modern transportation technologies have permitted us to
overcome greater distances at less costs than previous trans-
portation modes. However, it has also created a landscape

which is highly consumptive of energy and greatly dependent
upon a minimal friction of distance. Increased costs of energy
will have the effect of increasing the friction of distance

and leave us with a fixed pattern of land use which is inap-
propriate, in view of the increased costs of overcoming the
friction of distance.

In taking this discussion out of the realm of the ab-
stract, the subject matter relates to modes of transport for
freight, people, power, water, and anything that must be moved.
On the macro scale, nationally and internationally, the modes
of transportation that come to mind are shipping, air trans-
port, pipelines, long haul trucking, and rail. Table IV-2
portrays some of the characteristics of these modes of trans-
portation. Note that under the costs column, fixed cost for
rall and pipelines are high. Thils 1s in large part due to the
high energy embodiment of these transportation modes. For ex-

ample, it has been calculated that the Bay Area Rapid Transit
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Tekle IV-2 COMPAZRATIVE CHAEARACZTEIRISTICS Cr MODAL SYSTEMS
(Nerith Americea)
Unit Cost (Mile) Characieristic

Node Costs {Rait = 1.0) Dictance Fztes Goods Orstinction Drawbacks

Railroad Capital intensive, 1.0 Increasing Schrectracless Minersls un- Large voiumes Cost a=c ume of
large initial invest- effectivenex rates, freight processed cf bulk gocgs ezembiin? vniis
ment fincl right of with length ¢! rartes, ternitores agric. prosucls, 10 comparatively

“way). Profitabiiity haul. Large in-iransit rates, bunding mais,  short iime at
rests on intensity ’ shipments erc chemicals. low costs.
of use: 250,000 to " chesper by Pess’ry minor. *
500,000 tons/mule/ long or skort
year is cperazional baul.
margin, Terminal
coss high.

Warerways Invesrment low, 0.29 Increasing Marine: semi- Low freichr Slow speed.
especially where effectiveness finished and rates, slow
natural waterways with length finished proc-  speec. spec. of
vtilized. of haul. vcts. Inland: goods carriage.

Terminal angd hand- bulk raw goods—
ling costw several coke, coal, oil, .
times line haul costs. grain, sand, »
gravel, cement.
Pass'rs
pegligible.

Moror Trensport Fixed costs negli- 4.5 Short hauls, less Rail acrs as Perishable Lioht loaos, Inadesuvate casacety
g/ble.Operates on costly than rail. price leader, goods, lumber, shorr distances, fcr moving hesvy
small margins — Vide ares! Pasgs'rs short time. vclumes, bulk
opersting costs coverage. important. Flexible and marerials.
high. vehicie conveniernt. High costs of 195
turnover high. Improvec serv-  hauls.

ice. Minimizes  High vehicle oper-
distribution atingG cosrs.
’ casts.

Ajr Transport Fixed costs iow. 16.3 Long hauls, Ratesset by Pass'rs Speed. Very high costs.
Investment in economy with  national and dominant. .
stock very high. distance. international Perishable,

Terminal, take-off regulations. light weight,
cosa, high. hiph velve
poods.

Pipelines Fixed costs high. 0.27 Long haul in Crude oil and  Bulk movement Restricted com-
Large economies bulk, petroleumn of liquids. modity use.
through diameter products in Regular flow and
of pipa. Costx larpe volume. demend needed.

- increase almost Notural gas. Larpe market.
directly with Some solids.

distance. Viscosity
adds costs,

*in Europe, passenger revenues usualiy exceed freight revenues.

3. Qlass rates. The Interstate Commerce Commission (1.C.C.)
authorizes rates applicatle to items moving in small
quantities. These rates vary for thirty classes. Thus a
commodity in class 400 has four times the base rate (100),
while the rate for class 13 would be 13 percent of the
base rate.

4. Commodity rates. These are specific rates allowed by

the 1.C.C. for goods moving in large quantities between
specific origins and destingtions. Thkeyv are the rotes
commonly used for the great majority of freight.

5. In-tmansit rates. These are special privileges granted by
the 1.C.C. that sliow goods to travel at an iminal raw
freight rate, despite intermediate processing. Thus roilroad
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System's construction consumed almost half of what it will need

in energy for fifty years of operation.4

Table III-4 (Chapter
111), 1lists petroleum pipelines as the most energy intensive
construction sector. Of the top ten energy intensive activities
six of them are related to energy production or transportation
of energy. Table IV-3 and Figure IV-1 chart the transport of
energy in the U.S. by various modes including rail, motor
carrier, waterway, and pipeline. As these figures bear witness,
a large and increasing amount of energy is required to transport

energy. Overall freight has been estimated to account for

about nine percent of total U.S. energy consumption, and about
' 5

A

one third of total consumption in the transportation sector.
Facts bear out that over the years changes in the land use
of this country correspond with increased energy use by gener-
ating more freight transportation, longer hauls, and by greater
use of more energy intensive trucks. Since 1939 all land
freight modes have markedly increased their total ton-miles of
commodity haulage. The average length of haul for land freight
transport has increased between 1963 and 1972 as illustrated
in Table IV-4. Shifts in freight modes from rail to truck
results in transport which is more energy intensive. Transport
of freight by rail requires 714 BTU's per ton mile whereas

transport by truck requires 2,280 BTU's per ton mile.6

Spatial implications of Community Energy Consumption

These macro changes are indicative of what is occuring
within communities. Within communities the friction of dis-

tance refers to the energy costs associated with passenger



Table TV-3  Total Crude Pelrolcum and Petroleum Products Transported in the U.S.
by Method of Transporlalion, 1938 - 1973

. . 1 ;
r.;lillnu Water Carricrs Trucks Ra||rondn
I Per Cent ! *: Per Cent Per Cent] [ Fer Cent! Total
Year Tons Carded  of Tolal Tona Carried of Total Tons Carried of Total Tons Carried of Total Tons Carried
1978 912,209,868  46.67 421205818 21.60 695767175  30.41 29,730,210 1.51 1,958,919,001
1972 876,248,100 4753 . 426,602,200 23.14 613,500,000 21.86 27,098,200 1.147 1.843,449,500
1971 806,671,000 46.90 416,792,000 24.24 . 470,700,000 21.317 25,649,900 1.49 1,719,812,900
1970 790,241,700 16.88 402,667,900 23.88 466,100,000 27.65 26,732,200 1.69 1.685,741,R00
1969 769,612,000 46.81 378,862,700 23.88 408,000,000 28.22 . 26,209,900 1.62 1,622,774.600
1968 726,443,900 46.47 361,002,600 23.09 449,700,000 28.76 26,251,200 1.68 1,661,397,700
1967 679,321,600 45.64 349,816,800 23.60 433,600,000 29.13 25,742,200 1.73 1,4R8,479,600
1966 - 629,763,680 44.81 332,877,049 23.68 417,001,000 29.67 25,809,500 1.84 1,405,411,229
19656 687,795,480 44.43 323,671,414 24.47 385,480,600 29.14 26,856,600 1.90 1,322,804,0914
1964 . 569,392,037 44.64 321,806,229 26.69d 347,279,800 27.65 27,381,079 2.18 1,265,308,145
1963 621,149,137 43.67 335,611,860 28.06 312,683,106 26.14 26,658,686 2.23 1,196,002,789
1062 602,464,600, 43.36 329,734,368 - 28.46 297,698,100 25.69 28,855,082 2.49 1,168,752,236 "
1961 484,170,066 43.60 322,695,627 29.06 . 273,619,666 24.64 29,964,233 2.70 1,110,150,480
1960 468,409,682 43.01 318,295,664 29.22. 270,375,206 24.83 32,067,140 2.94 1,080,1:17,729
1969 464,290,969 43.22 310,098,034 28.80 266,612,261 24.82 33,312,787 J10 1,074,075.011
1068 433,027,666 42.67 298,666,020 29.36 202,024,743 24.78 33,470,881 -3.29 1,017,179.216
1967 441,078,169 43.26 299,800,463 29.40 242,331,559 21.76 36,643,971 3.69 1,019,854,162
1956 441,386,180 43.19 297,826,330 . 29.34 215,960,622 23.26 39,767,144 J3.92 1,014.930,276
1966 412,532,395  42.94 © 284,007,134 29.56 . 222,604,360 23.17 41,663,602 - 4.33 . 960,808,391
1964 373,327,262 42.67 268,624,812 ° 10.62 192,664,326 21.96 42,633,400 4.86° 876,919,886
1953 369,142,336 41.63 213,470,440 31.70 184,626,431 21.40 45,451,188 b.21 R62.695,394
1952 337,694,240 40.60 274,913,642 3306 171,714,618 20.66 47,204,626 5.68 011,456,995
1951 324,667,831 40.31 267,417,940 33.20 163,560,274 20.30 49,842,061 6.19 805,494,106
1950 283,853,183 J8.82 " 262,766,749 34.67 " 145,780,986 19.93 48,882,196 6.68 731,282,314
1919 261,023,767 ©  39.23 229,928,665 J34.606 126,217,294 18.97 418,199,099 7.24 665,368,816
1948 262,462,631 38.24 237,616,329 3461 - . 120,897,800 17.62 65,407,170 - - 9.63 GB6,273,830
1947 237,879,554  08.42 200,087,660 3377 © 105,603,500  17.05 66,638,669 10.76 619,209,392
1946 222,266,138 40.76 172,613,605  31.64 88,852,600  16.29 61,696,782 11.31 646,329,125
1945 240,749,492 44.06 142,498,332 26.08 96,135,600 17.60, 67,001,259 12.26 646,306,683
1944 244,001,439 46.21 117,688,301 21.81 99,048,800 18.36° 78,975,450 14.63 639,712,995
1943 196,391,443 41.46 116,995,425 24.49 76,471,600 16.14 84,875,265 17.91 473,733,623
1942 175,4$G,660_ 4111 - © 120,076,611 28.13 49,624,400 11.60 81,818,135 19.16 426,905,706
1941 170,684,472 40.63 162,430,794 36.20 28,695,020 6.81 69,321,686 16.46 421,133,971
1940 163,602,082 39.79 149,694,453 38.78 21,849,000 6.67 60,797,161 16.70 © 306,742,696
1039 147,634,686 39.11 148,064,469 39.26 21,6h7,680 6.72 60,067,437 16.92 371,204,272
1938 139,220,062 39.28 137,728,491 38.80 20,638,060 5.80 56,033,147 16.00 354,420,600
! Ratimated source; Association of 0il Pipelines, "Shifts in Petrolcum

Transportation', June 197§

I8
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transport and utilities. Energy consumed to build and operate
systems for transporting people, water, electricity, gas, wastes,
and other commodities consumed within households comprise the
community infrastructure. Reduction of energy embodied 1in and
consumed in the operation of the infrastructure 1s a strategy
that will reduce community energy dependence and contribute to-
ward overall energy reducgions in the macro scale discussed pre-
viously. |

The facts about the energy savings available through sound
community planning and increased density of development are va-
ried but point out both some areas of opportunity and some areas
where caution should be taken. The studies that have been done
to this point indicate that most of the energy savings that will
accrue from planned community development will occur in the trans-
portation sector. In one study of all the savings available
through increased density and planned development fifty-two per-
cent of the energy reduction comes from the transportation sec-
tor.7 Table IV-5 portrays the energy reductions that have been
estimated in the transportation sector through various studies.
Energy reductions of from twenty to fifty percent have been es-
timated. Increasing density and careful planning of communities
reduces transportation energy requirements by decreasing distances
of travel and by facilitating alternative modes of transportation
to the automobile. Mixed land use provides low order good58 in
near proximity to households thus affording shorter trips and
the opportunity to travel by foot, bicycle, or some other alter-
native mode. Careful planning and designing of streets and

walkways, clustering of activity centers and services, and pro-
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Tzble IV-5 TINATED TRALS-CRT.TICH
EHEnGl REDUCTIOILS
estir=zted
energsy
svudy title reduction
Cepitol Arez Plzan (Sacramento) 39 percent
tnergy Thrift in Urbon Trons-
portetion 20-35 percent
Costs of Sprawl 50 percent

*Estimztes of reductions in energy consumption due
to denscly plenned communities,

source:Fels =nd kunson "Energy Thrift in Urbzn Tr-nspor-

tztion: Options for the Hu‘thre"l in Robert H., Wil-
lizms, The Energy Conservetion rapers, Reports pre-—
pered for the Energy ro.icy rroject of the Fcord
Foundetion, (Cambridge, lass.: Bzllinger Publishing
Co.. 1975)'p.7; Dernnis Dickmen znd Lee Windhiem
"Saéramento Cen Do More With A Lot Less Energy"
Planning vol, 43 no, 11 (Dec 1977), pp. 24and 25;
Rezl Estazte Resezrch Corporation, the Costs of
Sprzwl prepared for the Council on Environmentzl
«uallty the Dep rtment of Housing and Urbzn Devel-
opment ’2nd the Environmentzl Protection Agency,

(1974) ' p.145.
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shared by bicyclists and motor vehicles and are generally indi-
cated by roadway bike route signs. Table IV-6 portrayvs the
costs associated with the construction of these facilities.ll

Mass transit requirements should be considered by the plan-
ner. In transit studies several factors have been determined
to be important to the viability of mass transit. According
to a recent study these factors include proximity or distance
of neighborhoods to nonresidential areas, the quality and cost
of service, and the density of the point of origin {(the res-
ident trip end) and the nonresidential point of trip destination.
Experts have been able to establish minimum residential densi-
ties required to support various types of transit. <These den-
sities are presented in Table IV-7 by type of transit. Density
requirements will vary as depicted, according to some of the
aforementioned factors. Community planners who are seek-
ing to make mass transit part of the community should strive to
attain appropriate densities called for by this table. Table
IV-8 portrays some other factors associated with transit modes
including energy consumption, operation and maintenance costs,
material consumption, and roadway space consumption. The favor-
ability of mass transit over automobile transit is clear. An-
other study points out that the city bus and rail need only car-
Ty three to five times the auto's average ocCcupancy to be com-
petetive in energy consumed".12 Communities that do not possess
the necessary characteristics to support transit should under-
take community planning for future development with the objec-

tive of attaining these necessary traits.

In areas where alternatives to the auto exist, the develop-






Mode

89

Service

MODES

RELATED TO RESIDEUWTIAL

Minimum Necessary
Residential Density
{ dwelling units per acre )

Remarks

Dial-a-bus

Many origins to many

-destinations

6

Only if labor costs are
not more than twice
those of taxis

Dial-abus

Fixed ocestination or
subscription service

25105

Lower figure if labor
costs twice those of
taxis; higher it thrice
those of taxis

Local bus

Local bus

Local bus

“Minimum,” % mile
route spacing, 20
buses per day

“intermediate,” % mile
route spacing, 40
buses per day

“Frequent) % mile

route spacing, 120 buses
per day

15

Bverage, varies as a
funciion of downtown
size and distance from
residential area to
downtown

Express bus
—reached on foot

Five buses during two
hour peak period

i5
Average density over
two square mile
tributary area

From 10 to 15 miles
away to largest down-
towns only

Express bus
—reached by auto

Five 1o ten buses
during two hour
peak period

3
Average density over
20 square mile
vibutary area

From 10 to 20 miles
away to downtowns
larger than 20 million
square feet of non-
residential floorspace

Light rail

Five minute headways
or better during
peak hour.

9
Average density for a
corridor of 25 to 100
square miles

To downtowns of 20
to 50 million square
feet of nonresidential
floorspace

Rapid transit

Five minute headways
or better during _
peak hour,

12
Averape density for a
corridor of 100 to 150
sguare miles

To downtowns larger
than 50 miliion square
fee1 of nonresidential
floorspace

Commuter rail

Twenty wains a day

Tto 2

Only to largest down-
towns, if rail line exists

source:Regional Plan Association, printed in, Boris

Pushkarev and Jeffrey

Zupan,

Public

Transpor-

In-

tation and Land Use Policy, (Bloomington:
diana University Press, 1977) p. 190.
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ment and adoption of an automobile parking management plan
will support and reenforce these modes.13 Through a well
thought out automobile parking management plan reduction in
auto dependency can be induced which will serve to attaln com-
munity objectives for air quality, traffic circulation, down-
town commercial wviability, and energy ccnservation. Strate-
gies for parking management are aimed at the regulation of the
supply of parking spaces, regulation of the cost of parking,
and design of parking facilities. Although available data on
actual energy reductions due to parking management programs 1is
scarce, the value of increasing the relative attractiveness of
modes alternative to auto transport is apparent. Cities which
have adopted auto parking management plans, such as Boston,
Pittsburgh, New York, San Francisco, and Washington D.C., lay
claim to energy conservation as one of its benefits. In Wash-
ington D.C. it was found that a forty-two percent reduction in
parking spaces resulted in a thirteen percent reduction in auto

Lo 14
commuting.

A Council of Governments study determined that a
two dollar daily surcharge on long term commercial parking
would cause a fifteen percent reduction in vehicle miles travel-
ed, a fourteen percent increase in commuter transit trips, and
a daily savings of 23,481 gallons of gasoline.15

Development of an appropriate and workable traffic manage-
ment plan requires the community to commit itself to a research
and planning process that will provide essential data from which
to develop the plan. To gain an effective understanding of the

existing parking situation the community should inventory and

classify the parking spaces within the effected downtown area
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and identify the groups that have interests in the parking. 1In
inventorying parking spaces, it is important to note the type
(off street, on street, garage, lot,), nature and level of the
rate (long term or short term), how much it is used when it 1is
used, who uses it, its proximaty to traffic generators, and its
proximaty to alternative transportation modes. When investi-
gating groups that have interests in the parking facility it 1is
important to note who owns the parking spaces, who pays for the
parking (employer or emplovee for example), and the direct ef-
fect that the availability of parking has on politically strong
intcrest groups and economic sectors (merchants, powerful land
holders). When inventorying parking the planner should develop
a log sheet which addresses all of these factors for each park-
ing facility such as in Figure IV-2.

An effective parking management plan will address all types
of parking and will be aimed at the commuter. Realistic parking
management programs will insure compensation of lot owners16
when parking space reductions are involved and will charge the
actual user directly and on a daily basis. This will insure
that its adoption is politically feasible and insure that the
program is impacting the proper target group for maximum effec-
tiveness. Ensuring that sufficient parking and convenient park-
ing is available to shoppers will keep merchants happy, will
assist the downtown economy, and will save energy. Energy will
be saved by curtailing or eliminating the need to search for a
parking space. Providing convenient short term parking may re-
quire imposing before 10 a.m. parking bans in areas or in a

percentage of parking spaces, as was done in Boston. This will
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T: ble IV=C CFARKING FACILITY CONFIGURATI
AND ENEBERGY CONSULPTION
Facility Design
No. of Sq. F. Total Vehicle
Physical Configuration® Stalls PerStall  Miles Per Day
1. Split Level: one outside 984 317 580
bay offset a half level in
height from the other three
bays. Lo
2. Double Helix: Sloping 1000 320 530
floor configuration with a -
double helix in the center
two bays for up and down
trafTic. ! .
3. Express Ramp: Flat 930 347 405

floors with a double helical
spiral express ramp system
with an 80 foot diameter.

Source: Adapted from Charles M. Boldon, “Environmental Impact
on Parking,” Parking, January 1975, at 25.28,
a. Assumptions: .
i) Site is 215 feet x 300 feet.
(i) Entrance at one corner, exit at another.
Gii) 9 foot stalls, bay width and parking angle determined
by parking standards curve.
(iv) No driver recirculates to find empty stall.
(v} Lower'level used for 500 short-term patrons (198

stalls x 2.58 turnover rate).

(i) Upper levels used for all day patrons (1.0 turnover

rate).

farikzing angle

Angle Bay Width Total Vehicle miles
" Per Day |
90° 62'0"b 308
70° 576" 498

5714°C 539" 530
50° 510" 568

Source: Adapted from Charles M. Boldon, “Environmental Impact
on Parking,” Parking, January 1975, at 28.

a. Based on Double Helix configuration, No. 2, Table l._

b. Bay width of 62" would require a larger lot than is available under
previous assumptions. '

c. Parking angle used in Double Helix configuration, No. 2., Table 1.

Stall Width

Configuration Total Vehicles Miles/Day ' Saumgs me

(See Table 1) With 88" Stall Width  9°0” Stall Widths
Split Level 562 18
Double Helix 516 14
Express Ramp 395 10

Source: Adapted from Charles M. Boldon, “Environmental Impact
on Parking,” Parking, January 1975, at 28.

source:Printed in_, Durwood J Zaelke _ ;
sportation, (EnvironmentallLaw Institutd)

and Urban ira

Jr.,, Energy Conserv:-tion












Table [V-11

NEICIMONIOCUD COST ANALYSIS
UTIUTIES-CAPITAL AND OPERATING COST SUMMARIES

Mowsing Pattern {1, 000 Unlty)
C D E F

A ]
. Toudng Mix .
Stngle-Family Conventlonal Single-Family Cluriered Tovohoure Clurtered Walh-Up Apsrtment High- Rite Apsrtiment {20 Percent Each A - [
Percent of Percent of Fercent of Fercent of Fercent of Percent of
Cort_Category Cont Tots] Cost Con Totsl Cost Comnt Tots] Con Cornt Total _Cost Cort Tots) Con Cont Total Con
{ln thousands)
CARMTAL COSTS
Wyter snd Jewer .
Sanltary Sewerage ’ 212 1™ ’ 605 i ‘ 383 16% ‘ 230 15% $ 136 14% ’ 431 15%
Percent of - 66% a4 25% 15% 7%
Storm Dratnage $1,5%6 »% $1,068 9% $ 7N 0% $ 462 29% $ 205 30 $ 824 0%
Percent of A . - 70% 463 29% 18% . s
Water Supply $2,443 asx $1,620 4% $1,043 “x $ 736 am $ 447 arv $1,262 4sx
Percem of A - 66% 434 30 18% $2%
Subtotal $4,951 90% $3,293 90% $2,139 %% 31,428 90% $ 060 9% $2,517 90%
Percent of A - 67% an 29% 1% S1%
Ivergy spd Communigations .
Ces ) $ 161 % $ 107 o $ &8 " $ 53 ™ [ ) 3w $ 84 I
Percent of A - 66% a2 33X 20% $2%
Dectricity $ m ™ $ 4 2 $ 47 b $ = b A T V4 P2 $ 52 ~
Percant of A - 67% 4% 25% 15% 4
Telephome ’ 259 SK ¢ ‘ 176 £13 $ 115 5% $ 70 4% $ A2 't $ 12 (2"
Percent of A - €8x 4% 27 16% . 49%
Sultotal $ 53 10% $ 357 tox $ 220 10% $ 151 10% $ 90 9% $ 264 10%
Percent of A ' - 7% an 2% 17 sou ,
Total Netwoele = Copltal .
{not incloding plants} . . ‘5,482 100% ’3,650 100% ‘2, kY34 100% ",579 1004 ‘ 958 100 ’2'78' 100%
Percent of A - 67% 49v nx 17% Si%
OTERATING AND MAINTENANCE COSTS
Wotey and Sewer
Sanitury Sewersge $ 32 ™ $ 31 (] $ bl 8% $ 27 10% $ 23 m $ 28 %
Percent of A - 97X 87w B4X 72% 87%
Water Saypply $ I ™ $ 7™ $ 20 9% $ 20 nx $ 26 1% $ 20 ™
Percemt of A ) - 100% 94 94 [1%3 , 9%
Subrotal S 64 13% ‘ $ 63 13% $ 58 17% $ 57 2% $ 49 o $ %0 16%
Percent of A - 98% 9% 89% ' 77% 9%
Inergy tpd Communicstions ' :
Cas . $ 201 2% $ 201 2% $ 139 1% [ S 11, 39% $ 9 38% $ 148 0%
Percent of A - 100% [ A S4x 6% 74%
Uecuicity | I 14 5% $ 2y 5% $ 14 azx Yy 2 0% $ 101 a2~ $ 159 x
Percent of A - . 100% 6% Stw 46% 73%
Subtotal $ 420 % $ 420 8% $ 282 83% o 322 ™ § 194 Aox $ 2307 . “ux
Percent of A - : 100% 67% Siv 46% 7I%
Teota! Opersting and Malntenance $ 404 100% $ 493 100% $ 30 100% $ 278 100% $ 242 100% $ W5 100
Percent of A - 100% 70 $T% SO TS%

Moter Mo operating cot antimstes sre fncleded for sorm dreinege and telephose.

gource: Real Estate Rescarch Cor‘por‘ru"t_iont The Cost{s of S.[-W‘i'(lv gUfJO
Governcmnt Frinting Office, «nshinglon D.CL April 1974 ) .60,




Teble IV-17 O 7STRUCTILH SECICRE RALKID BY
S

TOTAL PRIMARY

RANK " INDE X 170 CODE NAME INTENSITY
1 43 110365 NEW CONSY PSETROL. PIPE,. 147197,
2 42 110304 NEQY CCNST GAS UTIL . . 160038,
3 &7 1124800 NEW COMNSTY HIGHYAYS 121245,
[y 63 120208 NAINT COMNST PETR, PIlPE. 1171519,
S5 S0 110503 NCW CONST 0O1L/7GAS WELLS 116895,
& 70 1202198 MAINT CONST OIL/GS WwWELLS 109103,
7 s8 1262C3 MAINT CCNST FAXM SERVICE. G562E£8,
a 68 120213 MAINT CCNST CONSZR.DEVS. - 92963,
Q9 S1 1105¢Ca NEwWw CONST OIL/GAS EXPL, 92641,

10 54 110507 NE4d CONST CTH. NON-BLDG. 83465,
11 £3 110506 NEW CONST CONSeCEV. . B478E.
12 62 120207 MAINT CONST GAS UTIL, . 83078,
13 s2 110505 NEW CONST MIL {TARY 77815,
14 40 1103¢2 NEW CONST RAILROADS 77585,
1< 32 110203 NEWd CCNST WAREHQUSES 77254,
16 45 1:203¢7 Ney COMST. SEowie LA528 ,
17 33 1.02C+4 New CCNST GARe»SRVe STAe 76217

MAINT NSV H{GHWAY
Ew N AR

N
Ned

-
o]
&
I
1
-
3
B
~
e
vfe =
»
L ]

1 .
22 S7 120202 MAINT CDNST FAQM RESID. 71292,
23 30 110201 NEW CONSY [INDUST., 8LDG, . 70364,
24 29 110107 NEW CONST DORMITIORIES 70604,
r4-3 £Y-) 1122C9 NE® CONSY OTH. NON-FARM 69894,
26 28 110106 NEW CONSY HOTELS.MODTELS 67184,
27 31 . 110202 NEW CGNSY QOFFICE GBLDG, 63737.
28 . 35 : llCZg? NEW CONST EDUC. ELDG. i 67624,
4 £ oN ’ -
5% 5% 110301 NEW %ONST TELEPH-,IELEE. YR
-3T Y ™I rzey Bo¥ CLUNSl RoLloe BLDGLe . 65597,
32 46 112308 NEw CONST LOC., TRANSILT . 6248 T,
33 67 120212 MAINT CONST MILITARY 62352,
34 71 120216 RAINT CONST OTH, N=-BLDG. 62045,
3S ) 64 120209 MAINT CONST §A7$§ §%DD]I« . 512278
N H L » 60572
37 26 110104 NEWw CONST HIGH-RISE APT, 60300,
33 23 110101 NEW CONST RES~=-]1 FAM, . S5511e
39 48 110501 NEW CONSY FARM RESID. 53773,
40 S 110103 NEw CONST RES-«GRON APT,. S2664s,
41 24 110102 NEW CONSY RES—~2-4 FAM, S2139.
42 27 116105 NE4 CONST RES—==ALTe sADD, 51666,
43 55 120100 MAINY CONST RESID. Y 50072,
44 . S6 120201 MAINTY CONSY OTH. NON-FAM . 497206
45 66 120211 MAINT CONST L OCe TRANSIT N 48542,
s N
020 MAL N ON ATLROA L4 .
dona l £ 0 - YelrJa W% 3
s L1 120206 HMAINT CON ° . . °

souvrce:Hznnon, 8Bezcl “+f>1nJ Serber, Energy Use “Q‘r B*%ild—
ing Construction, (U. ana-Chwmpvlgn I11.: Znergy
Rese.rch Grouvp erter for Ldv:-onc ed CoL_,ut:.tlon,
University of illinois). Feb. 1977, p. 134.
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community infrastructure are ahong the most energy intensive,
0f the forty-nine construction activities listed, new highwayv
construction, new sewer construction, new water supply construc-
tion, and highway maintenance are among the top twenty. New
electrical and telephone utilities construction are ranked
wenty-ninth and thirtieth respectively.

This information points to the energy savings available
through reduction of length of infrastructure and transporta-
tion systems. In Davis, California the reduction of right of
way widths was determined to be an energy saver, not only in
terms of the material reduction, but also in terms of the reduc-
tion of asphalt surface available to collect and hol¥ heat and
also by increasing the capability of the using of trees to

shade a larger percentage of road area from the sun.
Street Lighting

Streetlighting is another area where substantial energy
savings can be attained. Althoughnot primarily related to spa-
tial considerations, streetlighting can provide considerable
energy and cost savings through increasing lighting efficiencies.
Upgrading traditional incandescent streetlighting systems to
the use of mercury vapor luminaires or high pressure sodium
luminaires can yield significant energy savings. High pressure
sodium lighting is about 2.5 times as efficient as mercury
vapor lighting and about 8.5 times efficient as incandescent
lighting. 1In a case study conducted in a Massachusetts com-
munity under the auspices of the Department of Community Affairs
it was found that the current streetlighting system could be

upgraded to result in a 32 percent increase in illumination
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while obtaining a 28 percent decrease in power and 6.6 percent
decrease in cost.18 Table IV-135 depicts the present and pro-
posed street lighting system for Southbridge, Massachusetts.

In many communities there is substantial opportunities for
energy savings in street lighting. It has been determined
that in Massachusetts over 33 percent of the fixtures are of
the obsolescent incandescent type. The process that has been

recommended for making decisions about the upgrading of street

lighting systems 1is as follows.19
1. Establish a working committee to formulate recom-
mendations regarding street lighting upgrades. It

is suggested that the committee include an official
with budgetary responsibility for street lights, a
representative of the policy department (because of
his familiarity with crime areas which require good
lighting levels), representatives of the businesses
and neighborhoods which may be affected, citizens
with technical backgrounds, and a lighting expert
from the utility.

2. Inventory the exlisting lighting system. Knowledge
of the current installation is the baseline for
making declisions about the improvements. The in-
formation required includes the number of each type
of fixture installed, the location of the fixtures
and the approximate spacing. Also obtain the rate
the utility is charging for the current system. The
utility can provide this information.

3. Find out what alternatives are available from the
utility. Obtain information on the cost and avail-
ability of more efficient lighting alternatives.
Obtain information on standards and guidelines for
spacing, pole heights, and light intensity which are
recommended by the utility (Appendix D).

4. TIdentify specific opportunities for lighting upgrades
by examining each installation in the inventory. Re-
member the importance of matching the lighting to
the task. The intensity of light from high pressure
sodium 1s not always appropriate to certain uses,
such as in residential areas. Development density
1s important when upgrading to higher intensity light-
ing because the area which one fixture is capable
of lighting is much greater, therefore it is more ap-
propriate to higher density developments. Caution






Table IV-14
COMPARISONS OF COMMONLY USED
STREET LIGHTING LAMPS

Maintained - Average
Rated Lumens at Lumens Average Economy in Footcandles
Initial End of Per . Utility Dollars Per Typical Illumination
Watts Lumens Re lamping Watt Rate (1976) 1000 Lumens Mount Over Area

Lamp Type [a] [a] Period {(Ratio) {b,cl [b,c] Height 6000 sq. ft.
Incandescent 103 1,200 960 10.7 $ 34.29 $ 31.17 25' neqligible
Incandescent 202 2,900 2,320 12.6 56.87 22.30 25' negligible
Incandescent 327 4,850 4,025 12.3 70.14 17.43 25 .27
Mercury 100 4,000 [d] 1,952 [4) 31.6 48.59 15.38 30 .21
Mercury 175 8,150 [d] 4,824 (4] 40.1 64,22 9.16 30 .45
Sodium 70 5,800 3,387 74.6 n/a le} n/a [e] 30 .50
Sodium 100 9,500 5,548 85.5 n/a [e] n/a (el kLN .81
Sodium 150 16,000 9,344 90 n/a [e]) n/a (e} 35° 1.08
Sod tum 250 310,000 17,520 392.8 123.84 5.34 35° 1.86
Sodium 400 50,000 29,200 112.5 176.95 3.93 40" 3.32
a

includes fuel charges

Western Mass. Electric, Fall River Electric Light

as to costs

source:llass=chusetts De

horizontal burning position

llanagement in &

b.

35.

wattage and lumen data were taken from lamps manufactured by General Electric

utility rates for this table were derived from the rate schedules of the following companies:

ot

partment of Community Affairs
lunicipnl Street Lighting" (Mare

Boston Edison,

Mass Electric,

although lighting companies produce these lamps, they are not widely enough available on utility rate schedules to draw conclusions

"IEnergy
h 1977 ,

vOT
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~

should also be taken with regard to conversion to

high intensity lighting because the possible need

for higher poles may make the economics undesirable.

SITE PLANNING AND BUILDING DESIGN
Structures consume a great deal of energy in keeping their

internal environment in a steady state (within a temperature and
relative humidity comfort range). Energy 1is consumed 1in keep-
ing a structure in the steady state because there exists a situ-
ation of disequilibrium between the internal environment and the
external environment. The amount of energy needed to keep a
structure in the steady state depends upon the stress put on it
by the external environment. This external environment of a
structure can be diminished by minimizing the conflict between
the external environment and the internal environment. This con-
flict can be minimized by decreasing a building's vulnerability
to environmental stress and by increasing its capability for
utilizing energy which is available naturally in the external

environment.
Climate

The amount of energy available in the environment is depen-
dent upon global conditions and local conditions. Globally, sun
angle varies with latitude and season of the year. The most en-
ergy 1s available to the earth when the sun angle is closest to
90 degrees, perpendicular to the earth. This only happens in
the tropics, between 23 degrees north latitude and 23 degrees
south latitude. In higher latitudes the sun angle is always
less than 90 degrees and less energy is available. In Provi-

dence, 42 degrees north latitude, the maximum sun angle during
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the year is about 70 degrees. Thilis occurs on the summer sol-
stice, June 22, of each year. The minimum sun angle in Provi-
dence occurs on the winter solstice, December 22, and is about
25 degrees. This means that only about forty-three percent of
the energy available on June 22 is available on December 22.
The range of stress which this example portrays 1s as important
a factor in building energy useage as the magnitude of stress.
This means that the desifed steady state condition of 68°F will
have to be maintained under external conditions ranging from
-5°F to 100°F annually. The sun also creates wind currents and
ocean currents which prevail over certain sections of the globe.

Local conditions serve to modify global climate "and create
unique climatic conditions which are specific to an area.
Natural features and man made aspects of the landscape are both
factors in the nature of the local climate. Breezes occur near
water bodies and in mountain valleys due to the creation of con-
vection currents as a result of different temperatures in proxi-
mate areas. Sea breezeszo occur because of the difference in
specific heat of water and earth. Water heats up more slowly
than earth and retains heat longer. As a result, the heat over
the earth during the day time rises and is replaced by the cooler
ocean air. At night, the land quickly loses its heat and be-
comes relatively cooler than the adjacent water body thus creat-
ing a wind in the reverse direction. Sea breezes will commonly
penetrate from fifteen to fifty miles inland in the middle lati-
tudes and are prominant in the summer.

The same effect occurs in cities.z1 This is called the

urban heat island effect. Concrete, asphalt and other building
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these local climate conditions are dependent upon intense in-
solation to create convection currents. In mountains, at night
when the temperature 1is cool, cold air will drain down to the
valley floor making the effects even more extreme than in the
case of urban breezes and sea breezes.

The two most important conditions to have information on
with regard to climate are wind and insolation. Understanding
the dirunal and annual Ynamics of these conditions are impor-
tant when attempting to reduce energy use through site and build-
ing design. Local climate interacts with global climate. Diur-
nal cycles interact with annual cycles. Energy efficient design
can be best achieved with site specific data. Data = available
through local weather stations at colleges, television stations,
radio stations, and the U.S. Weather Bureau will be the second
best alternative to site specific data. Plotting wind infor-
mation on a wind rose Figure IV-4 will reveal the net affect
of winds in the area. Specific information about the direction
and velocity of winds on a seasonal or monthly basis is parti-
cularly important to good site design. Awareness of topography
and surrounding geography 1is a prerequilsite to understanding
local climate and making it a consideration in site planning

and building design.
Building Design Considerations

The amount of energy that can be saved by incorporating
energy efficiency into building design is considerable. Some
estimates maintain that new buildings explicitly designed to
be energy efficient could save as much as eighty percent of the

fuel they would consume at present levels. The American In-
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stitute of Architects has determined that with thirty percent
energy savings for existing buildings and sixty percent savings
for new structures the U.S. would save 12.5 million barrels of
0il a day by 1990.23 In Chapter III,energy savings through the
selection of and performance of building materials was discussed.
In this chapter, energy savings through design performance 1s
discussed. This section will focus on the residential sector
but, the same principles can be applied to other building types.z4
When building energy efficient housing there are two general

guiding principles that should be followed. They are:

1. Minimize vulnerability to unwanted aspects of
the environment.

2. Maximize capability to utilize energy naturally
available in the environment.

Both of these principles can be attained through proper site
selection, orientation of the building on the site, landscaping,
structural design, and materials selection. These points will
be addressed briefly relative to locations in the northeast.
Minimizing vulnerability to unwanted aspects of the environ-
ment will involve selecticon of a site that is not a collection
basin for cold air drainage in the winter and provides breezes
in the summer. If a site is selected that is exposed to un-
wanted winter winds, for example, it can be sheltered from these
winds through the use of coniferous shrubbery and trees as
barriers to divert and diffuse the wind. Conversely, elements
of the landscape which serve to trap unwanted cold air or di-
vert cooling summer breezes should be avoided or removed. This
includes removal of trees which may be blocking desirable

winter heat gain in the southern face of housing. Figures IV-5
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and IV-6 depict some points of how landscaping can be used in
energy efficient design.

Minimizing a structure'svulnerability to the environment
also 1nvolves some principles of building design and building
material performance. In the middle latitudes structures can
minimize thelr vulnerability by decreasing heat loss in the
winter and decreasing heat gain in the summer. Winter heat
loss can be minimized by reducing susceptibility to winds, which
are a factor in heat loss, as described above and by increasing
the R value of the wall composition. As discussed in Chapter
IIT, this can be achieved by using materials with good re-
sistance to heat flows and minimizing the use of buflding
materials that do not. Minimizing glass area on the vulnerable
north side of structures is a good way to decrease heat loss.
Figure fV-7 illustrates how building overhang can be designed
to provide for minimal summer heat gain by shading while pro-
viding unimpeded insolation during the heating season.

Ralph Knowles, in his book Energy and Form, hypotesizes that

the vulnerability of structures to the external environment can
be described as a function of the ratio between exposed surface
and contained Volume.25 Surface to volume ration (S/V) 1s re-
ferred to by Knowles as the coefficient of susceptibility.
Higher stress environments require lower coefficients of suscep-
tibility, while lower stress environments require higher co-
efficients of susceptibility. Two attributes of form that ef-
fect the coefficient of susceptibility are size and shape.
Figure IV-8 depicts the correlation between size and shape

and surface to volume ration. Figure IV-8a depicts an expand-
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Tigure IV=7 SULN :+fRGLE LiD BUILDING DISIGH

Sun Angles

Bearing {or azimuth) angle (8} and altitude angle («) of the sun are given
in solar tables.” These sun angles, zlang with the angle of orientiation
relative to the north-south axis, can be used to predict shadows for a
particular time at a specific latitude. The depth of shade {d) in feet can
be found by d = x {1an o/cos ) where x is the overhang width in feet.
Basic sun angle geometry is given below.

*Sce: pp. 388-92. ASHRAEL Handbook of Fundamentals (1972).

REDIRTION

)

I

VERTICRL SURFRCE (WiTH OVERHRNG)

Solar Orbit (at 40° North Latitude)

The sun’s movement across the sky differs in bearing and altitude angles
with the seasons. Exaggerated orbits for summer and winter conditions
at 40° north latitude are shown below. Note that seasonal variations
also alter the solar radiation values.
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source:l, David Egen, Concepis in Thermsl Comfort S%n ]A',e wood

Cliffs, New JErseyr ITEmCiCe-nGll,lNC., 19
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ing cube. A unit cube in contact with the ground on one of its
faces exposes five unit surfaces while 1its volume 1s one, there-
fore S/V=5. If the edge diminsions of that cube are doubled
its surfaces total 20 while volume is eight, therefore S/V=2.5,
or half of the smaller cube. The small cube then 1s more vul-
nerable simply because smaller things have higher surface to
volume ratios. S/V is to a lesser extent a function of shape
and can be illustrated by comparing the same volume in different
configurations. Figure IV-8b takes the larger of the two cubes
and rearranges the volume into a stack of eight equal cubes and
a row of eight equal cubes. The results are depicted. Es-
timates of energy consumed in various tvpes of housimg in the
Baltimore/Washington area that are illustrated in Table IV-15
show some agreement with this theory. Energy consumption per

£t ?

and per person is shown to decline in the larger structures.
Maximizing capability to utilize energy naturally available
in the environment will involve selection of a site that has
access to the sun during the heating season. A site that also
has access to seasonal breezes during the cooling season is
most desirable. Proper orientation of the structure on the
site to take advantage of available solar insolation 'is essen-
tial. The long axis of a structure should run east to west to
take full advantage of available sunlight. In this way the
maximum area of the house is available to collect solar in-
solation. The average solar insolation outside of the earth's
atmosphere when the sun's rays are perpendicular is equal to

428 BTU’s/hr/ftz. At 42° north latitude this figure ranges

from 398 to 171 BTU's/hr/ft2 depending on the season. Cloud



Table IV-15 COMPARISON OF ESTIMATED ENERGY CONSUM P'—
TION VALUES FOR CHARACTERISTIC SINGLE-FAMILY AND
MULTI-FAMILY DWELLINGS

Type of Dwelling Area Persons Total Energy Consumption, Therms/Year ™
Unit Ft2 Per Unit Per Unit Per Person Per It

Balanced Home, :
4 bedroom 1500 4 2886 721 1.902
(Ref., 20)

Town House 1300 4 2363 566 1.75
3 bedroom

[.Low Rise
2 bedroom 1140 3 1724 575 1.51
apartment :

High Rise :
1 bedroom 850 2 1323 662 1.56
apartment

High Risc :
2 bedroom 950 3 1482 494 1,07
apartment -
as gas consumed in unit plus therms used to gencrate electric power con-
sumed in unit

»

gource: Hittmin Associs tes  Incorporated, "Residentinl Enersy
Consumption-hulti -FPamily Housing Dato Acquisition™
prepared for Dep:rtment of lousing ~nd Urbon Develop-
ment October 1972, P.55.

L11
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cover, pollution, and other agmospheric conditions further re-
duce this figure. However, Table IV-16 shows insolation which
is available at approximately 42° north latitude, in Boston.
As this table depicts, a verticle glazing (QOOslope) facing due
south (azimuth 0) would receive larger shares of insolation in
the heating season, months with mean temperatures below 6SOF.,
than in the three summer months. A large south facing window
would capture this energy for use in colder months, while an
appropriately designed overhang would shade the window from un-
wanted rays in the heating months. Use of rock, concrete, or
other media in the floor of construction or some other aspect
of house design will absorb and store excess heat thit may be
gained during times of the day when insolation istoo intense to
be totally consumed.in heating the structure. When using flat
plate collectors to receive insolation Table IV-16 indicates
that approximately a 50 degree tilt (slope) of the panel is
most desirable, at this latitude.

This section on site planning and building design presented
some very fundamental concepts. Specific building designs can
incorporate numerous passive and active solar design features.26
The economics of active solar systems have not been established
as being cost competitive with conventional fuel sources as
of 1979 prices. As prices of fuel go up and costs of solar
systems go down, with improved technology, solar likely will
become competitive with conventional energy sources. Currently,
solar is already competitive with electricity for use in heat-
ing domestic hot water. Orienting new structures to take ad-

vantage of energy available through passive means will also



Table IV-16 INSOLATION AND WEATHER DATA FOR BOSTON

BOSTON MA 42.22
JAN FEB HAR APR MAY JUN JuL AUG SEP ocT NOV DEC

HGRTZONTVAL RAD, AR 729 1078 1340 T738 837 T82C 1565 1253 876 5337 438 {BTU/DAY-FT2)
AVE. TEMP. 30.2 30.2 35.6 46. 4 87.2 ° 66.2 71.0 69.86 62.6 83.6 42.8 2.0 (F)
DUOREE-DAYS 1088. 972, 846. S13. 208, 6. 0. 9, GO. J16. 603, 983. (F-DAYS)

AVERAGE DATLY RADTATIUN ON TTUTED SURFACES ~ (BTU/DAY-FT27

SLOPE AZIHUYH JAN FEB MAR APR MAY JUN JuL AUG SEP ocY NOV OEC
20 740 944 1262 14y8 1730 1778 1709 1616 1416 1106 740 631
'_—UO"___*TT___—nﬂﬂU 1021 17313 1413 1677 1707 1722 1597 1449 17184 818~ 736
40 0 800 1074 1333 1379 1392 13383 1623 1336 1430 1234 870 803
30 o] 947 101 1322 1316 1477 1461 1494 1448 1417 1234 916 830
60 o] 970 1101 1201 1226 1335 1303 1340 12214 1332 1244 971 873
70 0 969 10737 121V T TITZ T 1172 1128 11667 1190 1250° ~ T205 927 LA §
80 0 949 1024 1114 978 993 942 979 1028 1136 1136 092 8GO
90 ¢} 893 950 996 831 810 759 791 837 993 1044 042 820
207 13 732 936 1236 17 1732 17071792 — 161G 1412~ 1097 732 Gayr
a0 13 ale 1009 1304 1414 1681 1707 1727 1395 1445 t171 807 724 _
40 13 604 V1038 1322 1302 1600 1604 1632 1541 1443 1217 6GJ 700
30 13 928 1082 1310 1322 1489 1473 1507 1437 1414 1224 890 832
TGO 9497 1000 T U269 T 12367 1382 T 132277713508 T 1Y4A6T 13527 V2227 9117 856 -
70 13 946 1052 1199 a7z 1194 1152 t190 1210 1260 1160 902 837 —
80 3 919 1000 1103 998 1021 971 [Redeli} 1054 1142 IRRR 871 817 :;
20 13 870 923 se7 8350 844 792 026 809 1003 1017 820 797
20 20 707 913 1228 1411 1733 1768 1790 1614 1397 10731 709 620
30 30 781 373 1200 id10 1692 1722 1742 1397 1427 11237 774 Got
40 20 817 1016 1293 1302 1621 1631 1657 1331 1427 1175 021 743
TS0 00T T 8727 10337 12027 10207 13227 15137 15457 V4767713907 1106 0AD T T 701
60 30 886 1026 t242 1249 13398 1273 1410 1376 1039 17zo 054 797
70 30 877 994 1173 1149 12353 1219 1237 1232 1234 127 841 - 794 X
80 30 847 941 1084 1021 1097 1052 togo 112 1143 1058 8qQ7 771
TTTTag JI0T 7987 O8G7 T 873 78037 935 TBO3TT 9227 T9G2T T IDIET 960 7557 T 700 —
20 43 669 a7t 1209 1399 1736 1797 1003 1606 1272 1036 676 583
20 45 728 928 1242 1396 1700 1742 17256 1591 12393 1Qe7 726 G40
———4Q 43T T 7697 U988 T 12527 137V IGU9T 1664 T IGBATTTISSTT 13977 V116 761 coo
30 43 792 967 12237 1322 1559 1563 1500 1405 1363 1120 779 703
60 43 798 955 1198 1251 1444 1441 1470 1396 121 1101 770 712
70 a3 784 922 1133 116G 1317 1002 1332 1206 1230 1057 760 703
T80 a3 7327 870 03I 1034 11737 115277110847 1159711337992 725 G?7
90 43 704 802 9352 937 1020 1000 1034 1024 1019 910 675 616

K

source:U.S.‘Dep.‘ttmcnt of Ener{;y, Introduction to Solur le: ting
Cooling, Design, and vizing, 1977, p.2-26, ’
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enable structures to adopt active solar systems 1if and when they

become economically feasible. There are many books available
from which a person who has no experience in building design
can obtain an education in passive and active solar design of
buildings. One of these is the U.S. Department of Energy,

Introduction to Solar Heating - Cooling and Design and Sizing.

This book can give the planner, review boards, and other appro-
priate officials in the éommunity a more complete education 1in
energy efficient design that can be incorporated into their
daily routine and decision making process. A paradox that
should be noted is that in order to take maximum advantage of
site design concepts for energy efficiency it impliés a rela-
tively low density development. However, many of the principles
of site design can be incorporated into higher density develop-
ment to be used in harmony with other energy efficient design
principles previously considered and aimed at attaining higher
densities.
CONCLUSION

This chapter has presented some fundamental concepts and
information on the manner in which the effective use of space
can contribute towards reductions in energy consumption. As
the introductory discussion suggests however, our communities
have developed under conditions of cheap energy, when the fric-
tion of distance was at its smallest. Thus, the development
pattern that exists is entirely inappropriate to the conditions
which are expected to exist in the future, expensive energy and
increased friction of distance. The job of the planner will be

to adapt existing development patterns to accomodate these
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changing circumstances and to blan new physical growth in such
a manner that it will not only be efficient unto itself but
will support needed modifications to already existing urban

forms. The next chapter addresses the mechanisms and resources

availlable to the planner to accomplish this task.

M
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"
“6Passive solar energy does not use mechanical power (e.

g.: pumps and fans) but instead uses natural energy flows for
transfer of thermal energy into, out of, and through a build-
ing. Active systems utilize a mechanical system to transport

energy between collectors, storage, and the building.

»



CHAPTER V

IMPLEMENTATION RESOURCES AND MECHANISMS

Introduction
This final chapter addresses resources and mechanisms that
can be used to implement community energy programs. Frograms
that result from comprehensive planning can only be effective
within the limitations of resources and mechanisms that are
available to implement them. When developing programs it 1s

not only necessary to know the community's needs and goals, as

determined in the planning process, but it is also important to

foresee implementation resources and mechanisms which are re-
quired for successful implementation and see that tﬁey can be
made availlable.

Implementation mechanisms, as discussed in this chapter,
are those authorities, controls, regulations, and laws which
the community government can apply to promulgate, initiate and
enforce a program. In this chapter, implementation mechanisms
refer primarily to the police powers of the community (i.e.
zoning, building codes, etc.). Powers that exist or can be
established within community governments with regard to these
implementation mechanisms are essential to the 1mplementation
of some community energy program measures and to the implemen-
tation of a comprehensive energy program.

Resources refers primarily to funding. This chapter will
address itself to resources that may be available through the
federal government through various programs which have been
established throuch federal legislation. Socme of these pro-

grams may have expired or may not have received appropriations
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from Congress so it would be w}se for planners to investigate
before proceeding very far along in the program planning and
development process. Even programs for which authorizations
have been made may have received reduced appropriations oOr no
appropriations. Some programs are offered on a voluntary basis,
that i1s, all targeted entities are invited to participate.
Others are on a competitive basis whereby applications outli-
ning programs must be submitted to the appropriate federal
agency and grants are made to those applicants that best meet
evaluation criteria. Unsolicited proposals and requests for
funding to appropriate federal égencies sometimes meet with
success. The best source of information on federal funding
which is available on a competitive basis is the Commerce Business
Daily. This is a publication of the federal government in which
all federal agencies must place advertisements for bids and pro-
posals for all contracts they want to issue. This publication
is issued daily.
IMPLEMENTATION RESOURCES

Most of the programs which can potentially provide resources
to local governments to undertake energy programs are admin-
istered by four federal agencies: U.S. Department of Housing
and Urban Development, U.S. Economic Development Administration,
U.S. Department of Energy, and the U.S. Department of Transpor-
tation. Resources available under these programs are in the
form of outright grants (some with matching requirements), loans,
loan guarantees, below market interest rates, and manpower.
Many of the resoruces which will be addressed were not made

avallable specifically for energy program purposes. This parti-
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cularly applies to programs where resources are available for
rehabllitation but not explicitly for building retrofits. With
the passage of the National Energy Conservation Policy Act of
1978, this situation has begun to change. NECPA has amended
various sections of housing legislation to specifically provide
for energy considerations. With the growing national concern
about our energy situation this adjustment of existing pro-
grams may continue. In the meantime, the following listing con-
tains programs which explicitly or implicitly provide funding
and/or resources for local energy programs. Local planners
should be alertly looking for new federal: sources of:energy pro-
gram funding. This will be followed by a discussioﬂ of methods
for financing weatherization projects and then the second
section of this chapter which addresses implementation mecha-
nisms. Resources will be addressed under the following head-
ings:

A. Loans (including guarantees and below market interest
rates)

B. Grants

C. Other

A, Loans1
Twenty five federal loan programs are listed in this section.

Many of them apply specifically to the undertaking of conserva-

tion measures. The remainder of the programs are directed to-

wards property rehabilitation. The extent to which property re-

habilitation includes energy retrofit work is only implied in

program regulations. Loan programs are targeted toward certain

geographic areas and certain clientele, for the most part. Loan
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15.

16.

habilitation standards. 1In certain instances they also
may be used to bring property above code standards, but
the amount of the loan covering general improvements
cannot exceed 40 percent of the total loan. There are no
income limits on the program although priority 1s given
to low and moderate income families. It 1s unclear as

to the extent that this program can be used for funding
weatherization projects.

Section 203 (k) one to four family mortgage insurance for
home improvement loans outside urban renewal areas. This
program 1s currently inactive due to the ceiling interest
rate of 8.5 which was set by law. -
Section 235 Mortgage Insurance and Assistance payments
for home ownership and project rehabilitation. This pro-
gram insures loans and provides payments to lenders to
reduce interest rates. This program 1is aimed at those
families which make m greater than 95 percent of the

area's median income.

Section 221 (d) (2) provides loan insurance for home

ownership and rehabilitation of one to four family housing.

The program is aimed at low and moderate income families
having incomes which are no higher than 95 percent of the
area median income.

Section 220 (h) provides mortgage and major home improve-
ment loan insurance for urban renewal areas. This pro-
gram 1s not very active due to the phase out of urban

renewal.

Section 223 (e) provides loan insurance for housing in
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declining neighborhoods. Through this program FHA re-
quirements for insurance on housing in older, declining,
but still viable urban areas are relaxed.
Section 207 provides insurance for loans to public or
private developers to construct or rehabilitate multi
family rental housing. Frojects must contaln at least
eight rental units and be located in areas where market
conditions indicate a need for such housing.

Section 221 (d) (3) and (4) provides insurance for multil

family rental housing for low and moderate income families.

This insurance program can be used to construct or re-
habilitate rental or cooperative housing. Detached,
semidetached, row, walk-up, and elevator structures of
five or more units are eligible. Section 221 (d) (3)
insures mortgages up to 100 percent of the project value
for cooperative nonprofit organizations, and up to 90
percent for limited-dividend groups. Section 221 (d)
(4) insures mortgages up to 90 percent for limited-divi-
dend groups.

Section 236 provides mortgage insurance, interest re-
ductions, operating subsidies to nonprofit or limited
profit sponsors for long term (40 years) low interest
rate mortgages for rehabilitating multifamily housing
for lower-income families. Tenants must contribute more
than 25 percent of adjusted income to rent.

Section 223 (f) can be used to refinance existing in-
debtedness in projects undergoing moderate renovation.

The property owner, through refinancing, can extend
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lated projects. As in the federal loan programs all the pro-

grams are not directed specifically toward energy conservation

projects explicitly. Some of the grants programs listed may be
defunct, particularly precgrams zdministered by the EDA. The

DOT, HUD and DOE programs however, are for the most part funded

and in operation. The grants programs, like the lcans prograns,

are targeted towards spec%fic areas and clientele. Funding
available through these grants program; particularly the Com-
munity Development, Urban Development Action Grants, and the

DOE Retrofit grants programs,could form the core of a community

energy program.

1. Section 701 of the Housing Act of 1954 provides grants
to states and regional planning councils to prepare com-
prehensive plans. These plans must address themsleves
to strategies for growth management and include studies,
criteria, and implementing procedures necessary for
guiding that growth. Recent language in 701 regulations
specifically address the neeed to consider energy con-
servation. This i1s a HUD administered program.

2. Section412 of the Energy Conservation and Production
Act (ECPA) provides 100 percent grants of up to 800
dollars to weatherize low income households, with pri-
ority given to elderly and handicapped. Funding is
available to families which are within 125 percent of
the federal proverty guidelines. The program is admin-
istered by the U.S. DOE and run on the local level by
Community Action Agency Offices. (Labor is provided

by the CAA's and does not figure into the $800 project
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cost). Funding is available to owned or rented units.
200 million dollars are authorized each year for FY 79
and §80.
Section 504 of the Housing Act of 1949 provides grants
up to S800 per dwelling unit for low income owners and
tenants. Priority is given to low income elderly and
handicapped househQIds. The program is administered by
the Farmers Home Administration. The legislation sets
a minimum appropriation of 25 million dollars. Low in-
come families and eligible expenditures are the same
as defined under section 412 of the ECPA, and the legisla-
tion provides for coordination among weatherization pro-
grams run by various federal agencies.
Section 222 (a) (12) of the Economic Opportunity Act of
1964 provides a weatherization program which is subject
to the same provisions for project costs, eligible ex-
penditures and eligible recipients as the DOE and FHA
weatherization programs. This program is administered
by the U.S. Community Services Administration and is run
locally by the Community Action Agencies (CAA's).
Section 251 of NECPA amends section 5 (c) of the U.S.
Housing Act of 1937 to provide up to $10 million per
year for grants to pay for the purchase and installation
of energy conserving improvements in existing low income
housing. Eligible for grants are those projects which
are financed with loans under secgion 202 of the Housing
Act of 1959 or which are subject to mortgages insured

under section 221 (d) (3) or section 236 of the National
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which meet criteria for age and economic hardship are
eligible.
Section 5 of the National Mass Transportation Assistance
Act provides transportation subsidies for capital con-
struction and operations.
Section 3 of the Emergency Highway Energy Conservation
Act of 1974 pays up to 90 percent of the cost of carpool
demonstration projects. Eligible for funding are: sys-
tems for matching riders in carpools or vanpools, sign-
ing to provide preferential parking for carpools, costs
of purchasing vanpool vehicles, costs to promote the
program. Carpool programs can be originated-.by a local

government but must have the concurrance of the metro-

politan planning organization. Applications must be

submitted by the state highway agency to the FHWA Division

Administrator for 'that state. No project can be funded
for more than one million dollars. More than one pro-
ject may be funded in a state or urban area.

The Federal Highway Act of 1973 authorized funding for
construction of bikeways under a formula which provides
for a 70 to 90 percent federal share depending on the
nature of the project. Pathways that are constructed

in conjunction with interstate projects are eligible

for higher funding. No more than 2.5 million is allowed
to each state per year. Projects must be included in
the Transportation Systems Management program which 1is
prepared by the metropolitan planning organization (MPO)

to be eligible for funding as part of an areawide trans-



pcertation improvements brogram. The MPO is the local
contact for this program.

19. Section 119 of the Federal Aid to Highway Act of 1974
authorized funding for bikeway demonstration projects
whereby the federal government pays up to 80 percent of
costs. This program must also be included in the TSM
to be eligible for funding (see above). The MPO should
be contacted to persue this locally.

20. The Land and Water Conservation Fund Act of 1965 pays 50
percent of the cost related to aquisition and construc-
tion of bikeways for recreational purposes. The U.S.
Bureau of Outdoor Recreation administers this*program.

21. The Public Works Impact Program, Title I of the Public
Works and Ecénomic Development Act of 1965 provides
grants that can be used for bikeway construction as
can Community Development grants and UDAG grants (see

Grants #7, 14, 15 in this section).

C. Other3

There are three federal programs of note that can potentially
be of benefit to the community planner in formulating and imple-
menting community energy programs. The resources available
through these programs are described below.

1. Section 233 of NECPA provides a directive to the Secre-
tary of the Department of Labor to provide labor to the
maximum extent feasible in support of weatherization pro-
grams which are mentioned in "Grants" items #2,3,4 of

this chapter. CETA prime sponsors at the local level
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are responsible to allocate positions for this program.
The state labor agency can be consulted to determine
who the prime sponsor is for a particular agency.
Title II, Part 1 of NECPA provides for a residential con-
servation program to be run by utilities. This program
must be run in accordance with a plan submitted by the
state which has be%n developed consistent to regulations
published by the Secretary of DOE. Under the law all
large regulated utilities are required to particilpate
in accordance with the state plan. Non-regulated utili-
ties are required to participate either according to state
plan or a plan approved by the Secretary of DOE, at the
Governor's discretion. The Governor may also submit a
plan to address home heating oil suppliers, at his dis-
cretion. Services provided under this program include
provision of information to residential customers on
energy and cost savings availlable through installation
of various measures, lists of suppliers and contractors
who provide conservation measures, lists of banks which
offer loans for conservation measures, on sSite inspection
of residences and suggestions for energy conserving im-
provements, arranging for contractors to perform work
and loans to undertake work, and provisions for repayment
of expenses as part of utility bills. This program is
due to be in place by January of 1980. The state energy
office, govefnor‘s office, or division of public utili-
ties will be responsible for administering this program.

Section 361 of the Energy Policy and Conservation Act
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of 1975 invites each state to develop a State Energy
Conservation Plan. In order to be eligible for funding
to implement this plan the state must include eight man-
datory measures and prove that it can achieve a reduction
of at least 5 percent in the energy consumption projected
for 1980. Included among the required programs are some
measures that havejdirect impact on local governments.
These are: statewide mandatory thermal efficiency stan-
dards for all new construction, mandatory standards
governing lighting levels in all buildings which the
public has access to, a program to provide for qualified
energy auditors of residential buildings and ®ther build-
ing types, a program to strive for coordination between
all levels of government on energy matters within the
state, and a program which is aimed at creating public
awareness of the energy conserving measures that can be
undertaken. State energy offices have developed consider-
ably through the SECP program and are a good source of
technical assistance and information on energy conserva-
tion to assist planners in developing community energy
plans.

D. Methods for Applying Resources

There are several methods which can be employed to apply
the previously mentioned resources with other local resources
to formulate an effective implementation program. Before devis-
ing methods however, it will be necessary to check on the avail-
ability of the federal resources and to make some overtures to

obtain non federal funding, whether it be public funding or
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private funding. When investigating the availlability of the
federal funds it will be necessary to check on the availability
of the loan programs which are listed by checking with FHA, HUD,
and lending institutions which serve the locality. The avail-
ability of grant funding should be checked through the field
office or regional office of the administering federal agency.
All programs which are listed, and where funding 1is not explici-
tly mentioned as being available for weatherization and other
energ)y retro-fit projects, should be investigated because
regulations may prohibit such expenditures in some cases.

The various methods for utilizing public and/or private
funds for financing the cost of energy conservation Improvements
come under the headings of loan pooling, revolving loan funds,
loan guarantees, interest reduction, deferred payment loans,
and interest rate subsidies.4 Of these approaches, loan pool-
ing usually refers to private funds; revolving loan funds, in-
terest reduction and deferred pavment loans usually refers to
public funds; and loan guarantees and interest rate subsidies
usually refers to combining public and private funds.

Loan pooling involves contributions from lenders to obtain
the necessary capital. It 1s usually aimed at servicing sectors
of the population who would not normally be eligible for loans
or for financing projects which are not conventional. Par-
ticipations in the returns on loans would be divided among the
contributors according to prearranged formulas. Loan pooling
1s an approach which allows contributors to share risk and to
provide financing for purposes they would not otherwise do in-

dividually because of competitive disadvantages it may create.
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Loan pools can be used in combination with public funds as well.

Revolving loan funds are usually set up with public find-
ing, and sometimes with private monies. Revolving loan funds
are simply funds which replenish themselves as returns are pro-
vided. It is a fund which is dedicated to a particular funding
purpose. Loan pools could be established as revolving funds
rather than as one time loan funds.

Through the use of public funds, primarily, below market
interest rate programs can be established. This simply involves
providing a lower interest rate than that which is prevailing
on the market so as to encourage potential borrowers, the tar-
geted sector, to take the initiative and obtain a l&hn. Below
market interest rate, or interest reduction, programs are often
used with revolving loan programs. Lowered interest rate pro-
grams are doubly effective with regard to conservation measures
because of the payback which results due to the installation of
the measure itself.

Deferred payment loans aTre loans which are usually made
with public funds. These loan programs allow for loan repay-
ments in a lump sum at some future time, particularly when
the property for which the loan was granted is sold. It is
usually used in conjunction with large rehabilitation projects
and would probably not be a sensible method when funding only
conservation projects. This method depends on the future value
of property.

Loan guarantees are a method for making private funds availa-
able by bringing public funds to bear. 1In local loan guarantee

programs the town will deposit funds with the lender to cover



147
the cost of outstanding guaran{ees on loans made by the lender.
The interest on these deposited funds can be used to make more
loans available or to reduce the interest rate on loans. To
establish this tyvpe of program it will be necessary to develop
an agreement with the lender to establish loan making criteria
and the portion of the loan covered by the guarantee.

Interest rate subsidy is a method of applying public funds
with private funds to lower the -effective interest rate the
borrower pays on a loan. In this type of program a subsidy
is used to make up the difference between the actual market
interest rate charged by the private lender and the interest
rate the borrower pays. The interest rates may be reduced by
providing periodic interest subsidies to either the borrower
or lender, grants to the borrower to reduce the amount of
principal that must be covered by a loan, or through a prepay-
ment to the lender of a percent of the interest due over the
term of the loan.

The source of the resources to which these methods can be
applied are up to the local planner and the community to pro-
duce. Community Development (CD) grants have been a major
source of funding to which some of these methods of financing
have been applied. Many cities recieving CD funding have
developed revolving funds and interest reduction programs (with
interest rates as low as 3 percent). The local government can
also budget funds or sell bonds in order to finance the programs
in addition to utilizing the federal sources which were presen-
ted previously. Raising private funds is possible and feasible

when programs for which funding is being used has the support
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and strong commitment of community leaders.
IMPLEMENTATION MECHANISMS

As was stated previously, implementation mechanisms are
those authorities and powers that the local government possesses
which can be used to implement community energy programs. The
purpose in applying these implementation mechanisms would be to
achieve the energy efficiencies which can be obtained through
concentrating physical growth, providing proximaty between
different land use types, proper site design, and increased
energy efficiency of structures.

This section of Chapter V provides general descriptions
of several implementation mechanisms and approaches for their
application. All of these implementation mechanisms relate
to zoning and/or the police power of the state (and the com-
munity) which permits the enactment of legislation to protect
the public health, safety, morals and general welfare of citi-
zens. A history of liberal interpretation by the courts has
allowed zoning related mechanisms which are discussed below to
be adopted as being within the realm of the state's/community's
police powers. However, unless the state has enabling legisla-
tion which explicitly permits some of the various approaches
listed below it may be subject to court challenge. Community
planners should investigate the state's enabling legislation
(unless it has home rule) to determine whether the authority
exists for adopting any implementation mechanisms which will
be presented herein.

This section provides a general description of each im-

plementation mechanism. However, a reference from which
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further information can be obtéined has been provided with each
mechanism and is contained in a footnote. Implementation mecha-
nisms can be of a mandatory nature whereby compliance is re-
quired or they can provide inducements to follow energy con-

serving practices. This section addresses both.

a. The Davis Approach

The City of Davis California has established specific pro-
visions relating to energyv efficiency considerations in sub-
divisions. These provisions involve standards for street,
widths, street orientation, set backs, fence heights, site
landscaping and tree shading. Through these provisions the
city of Davis is encouraging energy efficiency in ne& construc-
tion by making sure that streets are oriented east-west, so that
solar insolation is available; allowing zero lot lines so that
buildings on adjacent properties can share outside walls,
thereby minimizing heatloss; providing shading from trees that
will be beneficial in the cooling season; eliminating shadows
from south facing windows which are collecting heat during the
heating season; and reducing street widths to minimize the use
of asphalt in construction and to minimize the area which will

be absorbing and storing heat.
b. Energy Efficiency Checklists

Checklists can be used by the planning board when review-
ing plans of a developer who 1s requesting permission to sub-
divide and develop property. This checklist can include the
energy efficiency items which were mentioned in the Davis case,

above, and also include items such as those listed in figure
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V-1. Energy efficiency checklists can serve to heighten the
awareness of the developer, the community, and the planning
board itself with regard to energy efficiency in construction.
Such a checklist can also be used as a way of testing the feasi-
bility and reaction to the adoption of similar provisions as

mandatory requirements in zoning or subdivision ordinances.
c. Energy Impact Statements

Energy Impact Statement could be required for submission
to the planning board as part of the procedure for subdivision
approval. Private developers would be required to address the
points such as those contained on the energy checklist, and
would be required to explain, in writing or at hearings, why
measures were not included in development plans and designs.
The developer would be required to present figures on life cycle
costs and life cycle energy consumption relating to certain
alternatives such as increased insulation levels, use of al-
ternative energy sources, and shading. Preparation of these
statements would help the builder/developer to better assess
the assets of the aforementioned alternatives and would also
provide the consumer with some information about the property's
potential for energy reductions through retrofits. These en-
ergy impact statements could also be required with the submis-
sion of budgets by departments of local government to assess
such things as: life-cycle cost and energy efficiency of al-
ternative vehicle purchases; the use of emulsified asphalts
and plastic pipe by public works departments; the potential

for cost and energy savings by budgeting properly for preven-
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tive maintenance and improved operations procedures in public

buildings.®
d. Density Bonuses

This 1s an approach whereby increases in density are allow-
ed in exchange for public benefits from the private developer.
It is not a system that encourages increased density of develop-
ment but allows it to happen where there is growth pressure.
Traditionally the public benefits are items such as common
spaces, recreational facilities, park areas, and other such
facilities. As these items are provided by the developer he
begins to accrue points which can be used in exchange for in-
creased density of development. This approach coulg be used
with regard to energy conservation by permitting increased
density, mixed uses, and other exceptions to the subdivision
ordinance in exchange for more energy efficient design of
buildings and site including provision of bikepaths, buffering,
shading, and incorporation of solar design concepts. This con-
cept can be applied to various scales of development including
a few blocks, such was done in the Greenwhich Street develop-
ment district in New York City, or projects which contain many
acres, such as the new town project of the Levitt Company in
Prince George's County, Maryland. In either case criteria of
exchange of public benefits for ordinance exceptions should be
carefully considered and carefully spelled out. Energy Impact
Statements which assess the various alternatives should be

required from the developer.7
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proach involved phasing growth to concide with the avallability

of infrastructure.9
f. Transfer Development Rights (TDR)

This i1s a situation whereby the ownership of the land and
the right to develop it are seperate. By seperating these
aspects it is possible to direct development to contained areas
and reduce development in other areas where it is not desired.
TDR works by dividing the community into preservation districts
(or sending zones) and receiption districts (or receiving zones).
By establishing these districts owners of areas that are to be
preserved can sell their developnent rights (usually to the
government) and use the monev to support the land whgle it 1s
maintained in a lower use type. Receiption zones become more
dense in development as development rights are purchased. This
allows land that 1s best kept in a lower use to be able to af-
ford to stay in that use. It also requires that the receiving
areas are true growth areas and provides a check to see that
this is truly the market condition. The use of transfer de-
velopment rights should only be made when the desire for pre-
servation of an area 1s high. It should also be used in con-
junction with a program of preferred taxation in the case of
land preservation. Preservation of lands for uses such as
localized recreation, agriculture, and wildlife are desirable
from the standpoint of energy as well as environment and other
considerations.lo

g. Transfer Fee Plan (TFP)
The transfer fee plan is another form of incentive, as is

TDR, which seeks to allow preservation of areas as well as
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direct growth to areas of conceniration. TheTDF differs

from the TDR 1n that it 1s direc:tec towards private capital pay-
ing the fee for development righ:ts whereas in TDR it is

he local government that usually purchases the development
rights from the land owner and aztenpts to sell them to pri-
vate developers. TFP provisions charge the purchaser of the
land for the right to buy in preserve areas. The fee is then

I

placed in a fund which is split zmong all those land owners
participating in the preserve to help them afford to maintain
the land in a lower use. Land that is sold without the per-
mission of the preserve members gets charged an additional fee.
This program, as in the case of TDR is only effective where the

. . . . 11
desire to preserve land in a lower use 1s predominant.

h. Mixed Uses and Clustering

Most of the aforementioned mechanisms have been aimed at
mixed uses and clustering of land uses through incentives. How-
ever, the planning philosophy and the philolophy of many in-
dividual life stvles have exerted pressure to allow for mixed
uses and clustering on its own. In many places this pressure
has sought an outlet from conventional zoning practices. Planned
Unit Development and Clustering are two planning approaches
which have sought the same means as energy efficient develop-
ment for different purposes. These types of development have
as their central tenet the desire to achieve efficient use of
land through mixing uses, increasing the density of uses, and
making open spaces available for use by the nearby, adjacent,
public. In this type of development the average density for a

parcel of land is usually kept the same as in conventional
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zoning conditions which occur in the zoning ordinance. However,
uses are grouped to make more efficient use of the land availa-
ble. Where HUD usually implies mixed uses, clustering usually

. . 12
refers only to residential uses.

1. Building Ccdes

The use of thermal efficiency standards in building codes
has become predominant since the passage of the Energy Policy
and Conservation Act (EPCA) of 1975. This Act called for the
establishment of mandatory termal efficiency standards on a
statewide basis 1n all 50 states. As of this writing the ma-
jority of states have complied with this voluntary program with
the help of funding which was made available through EPCA. This
legislation was passed subsequent fo the issuance of contracts
to the major model building code groups accross the nation and
an engineering organization which established the standards.

The code provisions call for buildings to meet either prescribed
standards for insulation levels in new construction or perfor-
mance standards for overall U values of building components.

A new standard is being developed under the auspices of U.S.

DOE and HUD which will increase the stringency of the EPCA re-
quired standard and provide more flexibility in compliance by
making it a standard based totally on building performance.

This standard is being developed under ECPA, Title III and 1is
called BEPS (Building Energy Performance Standards). If
Congress exercises its sanction no HUD funding will be made

available within states which do not adhere to BEPS.
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CONCLUSION
These are some of the resources and mechanisms available

for implementation of the prograns that might be developed as

a result of the planning pursued and the policies established
through employing tools used in Chapters I-IV. Much information
has been presented within the Chapter V and within the overall
document. However, there are many more details that will have
to be addressed when attempting to undertake a community energy
program. Undertaking such a program requires much commitment
and many resources, when done in a comprehensive manner. How-
ever, it may be the best first step towards drawing the atten-
tion of government officials and the people of the community to
the role of the community and the benefits of undertaking en-

ergy efficient planning.
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APPENDIX A

1.

AN ORDINANCE PROHIBITING THE ISSUANCE
OF PERMITS FOR THE INSTALLATION OF

GAS BURNING APPLIANCES WITHIN THE CITY,
DIRECTING THE CITY ADMINISTRATION TO
APPLY TO THE PUBLIC UTILITIES COMMIS-
SION FOR AUTHORITY TO DENY SUCH PER-
MITS IN THE UTILITY DEPARTMENT SER-
VICE AREA OUTSIDE THE CITY, AND DECLAR-
ING AN EMERGENCY
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ORDINANCE NO. 4756

AN ORDINANCE PROHIBITING THE ISSUANCE OF
PERMITS FOR THE INSTALLATION OF GAS-BURNING
APPLIANCES WITHIN THE CITY, DIRECTING THE
CITY ADMINISTRATION TO APPLY TO THE PUBLIC
UTILITIES COMMISSION FOR AUTHORITY TO DENY
SUCH PERMITS IN THE UTILITY DEPARTMENT
SERVICE AREA OUTSIDE THE CITY, AND DECLARING
AN EMERGENCY.

WHEREAS, the Utilities Department of the City of Colorado Springs has been
notified by its supplier of natural gas, Colorado Interstate Corporation, that the

available supply of gas for the fiscal year of 1973-1974 is severely limited. The

Utilities Department has calculated that the available supply will be barely enough to

serve existing firm customers and committed volumes for the coming fiscal year

1973-1974; and

WHEREAS, new building construction is proceeding at a tremendous rate,
almost all of which plans to use natural gas for space heating. If such new con-
struction continues unabated and gas appliances are permitted therein, the
available supply of natural gas will be insufficient to serve their needs as well as

existing customers.

NOW, THEREFORE, BE IT ORDAINED BY THE CITY COUNCIL OF THE CITY OF

COLORADO SPRINGS:

Section 1. The issuance of permits for natural-gas-burning appliances in new

construction is hereby prohibited in the City of Colorado Springs until further notice.
Permits for the replacement of existing appliances shall be issued, provided such
new or replacement appliance is of no greater capacity than the old or replaced

appliance.
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Section 2, The City Administration is directed to immediately proceed with
all necessary applications to the Public Utilities Commission of the State of Colorado
requesting permission to deny the issuance of further natural gas appliance permits

in the area served by the City of Colorado Springs Public Utilities Department, Gas

Division.

Section 3. Because of the natural shortage of natural gas and the inability of
the City's supplier to supply more than a limited supply of natural gas for the
fiscal year of 1973-1974, the Council hereby finds, determines and declares that

a public emergency exists with reference to this ordinance and that this ordinance is

necessary for the immediate preservation of the public peace, health and safety and
accordingly the same is hereby passed as an emergency ordinance to be effective

forthwith upon its passage, as provided by the Charter.

Introduced, read, finally passed as an emergency ordinance, adopted and

approved this 28th day of June , 1973,

(' &'LL gl,L e L\_\mec ol [

Mayor and President of the Council

ATTEST:
2 / )
/(_/g - /((,/L/\LIL /
Clty Clerk

-2- 6/28/73 24



’

I HEREBY CERTIFY, that the foregoing ordinance
entitled "AN ORDINANCE PROHIBITING THE ISSUANCE OF PERMITS
FOR THE INSTALLATION OF GAS~BURNING APPLIANCES WITHIN THE
CITY, DIRECTING THE CITY ADMINISTRATION TO APPLY TO THE
PUBLIC UTILITIES COMMISSION FOR AUTHORITY TO DENY SUCH
PERMITS IN THE UTILITY DEPARTMENT SERVICE AREA OUTSIDE THE
CITY, AND DECLARING AN EMERGENCY'" was introduced, read,

finally passed, adopted and approved as an emergency

ordinance and ordered published at a regular meeting of

the City Council of the City of Colorado Springs, held on

the 28th day of June, 1973, and that the same was published

in full in the Colorado Springs Sun, a newspaper published

and of general circulation in said City on June 29, 1973,
IN WITNESS WHEREOF, I have hereunto set my hand

and affixed the seal of the City this 28th day of June, 1973,

. . v
4/77:;Q%ﬁ/2§ii*fizzz/513/1,.///”/
A=

City Clerk
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ENERGY INTENSITY (EI) IN STATE AND
LOCAL PROCUREMENT FROM INDUSTRY
ESTIMATED FOR 1580

1975 ENERGY USE PER DOLLAR OF VALUE
ADDED

1975 PURCHASED ENERGY COSTS AS PER-
CENT OF VALUE ADDED

Qutline of Census Bureau Energy
Related Statistics

Industrial energy Assessment Sur-
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ENERGY EMBODIMENT PER UNIT OF MA-
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Energy Assessment Survey: Resi-
dential
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ENERGCY 1IMILNSITY (1'1)

IN STATE

AYYH LOCAL PROCUREHERT FROM INDUSTRY

(in thous..nd Btu's per §) Lstimated for 190

Industry ET
New Const., Highways (110)
Mew Coust., Nonresiduntial (63),
" New Const., Pub. Urilitles (75)
Maint. Const., Other (54)
New Coust., Other (81)
New Const., Residential (52)
Motor Vehicles & Parts (58)
Hospitals (48)
Wholesale Trade (34)
t—Med., Health Services (44)
Air Transport (180)
¢Misc!. Business Services (25)
Mighway Passngr. Trans. (63)
LBook Publishing (39)
Vhrugs (41)
LOffice Supplies (e7)
Paper Mills (153)
Cleaning Preparations (73)
Real Estate (22)
Meat Products (62)
Motor Freight Transport (43)
L~“Inorganic-0rganic Chem. (206)
wTublic Bldy. Furniture (55)
Commercial Printing (61
Misc. Professional Services (24)
Post Office (35)
(".nmmnnir:'o tinng {(16)
Fertilizer (122)
Educational Service (54)
Auto Repair (406)
“Tires (85)
Doctors, Dentists (14)
Apparel from Purchased Mat. (43)
Machine Shop Products (47)
Misc. Rubber Products (82)
“HMetal Office Furniture (60)
tChem. & Fert. Mineral Mining (187)
Photographic Equip. (40)
{~Glass Products (92)
Insur.. Carriers (20)
Railroad (73)
vHervice Industry Machines (56)
Vater Transn. (2310)
Const. Machinery . (58)
LTnvelopes (68)
bﬁgxicultural Chenlicals (122)
Refrig. Machinery (58)
Uiotors, Generators (54)
Houprofit Org.. (55)
Flufd HMilk (55)
iTlectric Lawmps (39)
~Tanitarv Paper Prodnety (79)

Tndustry ET
Forest, Grn House, Nur. Prod. (52)
Aadio-T. V. Cowmm. Equip. (28)
Personnl Service . (49)
eAfise. Plastics (86)
iroad Fabric Mills (85)
Water, Sanitary Serv. (102)
Misc. Manufactuvers (49)
cAirhletie Lquip. (52
Paperboard Containers (91)
behydrated Products (60)
" Newspapers (&7)
Scien. Instr. (39)
Surgical Supply (43)
State, Local Cove. Enterp. @an
Conventional Paper Prod. (80),
Farin Machinery (62)
Medical Tnstr. . (53)
Typewriters (28)
Leanned Fruit, Veg. (68)
Misc. Printing (33)
Misc. Chem. Prod. - (122
¢~ Bakery Prod. (43)
Hotels . (72)
L~Hand Tools (5%)
Maint. Const., Residential 7))
Security & Commodity Brokers (1)
LAFfice Machines (38)
Games (37)
etal Stampings (96)
House Furnishings (71)
Periodicals (45)
Advertising (42)
Wood Office Furniture (43)
L~ Pens and Pencils (48)
Food Preparation (54)
(- Frozeu lFood, Vegetables (67)
Radio, TV Serts (37)
/- Musical Instruments 47)
Tood Utensils (85)
Switchgear (40)
Motion Pictures (21)
t-Ice Crean (56)
L-Poultry, Eggs “(68)
Agr. Torestry, Fishery Serv. (3L
Lt~ Coflce (29)
RR and Street Cars (95)
Laundry LEquip. (52)
Cooking Oils 7?9
tAlood Houschold Furn. (49)
Mech. Measuring Serv. (a0
L Metal Cuttiuy Tools (39)
Ontical T, S

(conviaucd)

}
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industry I
Yeed Grains (64)
L Theese (66)
- L”Soft Drinks (54)
Elcctric lHousewares (60)
Internal Combustion Lug. (53)
Pipeline Transport (87)
drushes (57)
Steel Prod. (233)
Storage Batteries (82)
L~CLlectronic Components (44)
t-Mattresses (52)
UMetal Fixtures (73)
Canned Speccialties (66)
L~ Pickles, Dressing (65)
&~ Supar (107)
t~RButter (71)
¢ Fish (55)
Household Cooking Equip. (68)
X-ray Equipment (31)
Stone Products (47)
Cencral Ind. Mach. (55)
Phono Records (49)
L~vSilvervare, Jewelry (40)
Elec. Meas. Instr. (30)
lotoreycles, Bicycles (63)
fetal Working Mach. (48)
Prepared Animal Feed (75)
iiousehold Kefrig. kquip. (63}
Afetal Nousehold Furn. (77)
(Veg.), Misc. Crops (40)
Torest, Fish Prod. (62)
Small Arms Anmun. (77)
Flour, Cereals (63)
Flavorings (45)
Engine Elec. Equip. (52)
' Boat Building (55)
Cutlery (43)
Floor Coverings (68)
Wood Products (62)
Furn., Fixtures (53)
Paint Products (90)
Canned Sea Foods (54)
Confectionary Prod. (51)
Pumps, Compressor (47)
Light Fixtures .(61)
i Hardware (65)
Printing Mach. (36)
Scales (47)
Woodworking Mach. (42)
Radio-TV Broudeast (27)
Hood Fixtures (41)

ource: SRLI, Op.cit. pp.43-47.

taci Costs of Coods aud Servicas,
[T, University of Illinois (Vovember 1974).

Industry ) 1N
Paperboard Mills (169)
Fruits (41)
Curtains (56)
Condensed Milk (69)
Safes, Vaults (58)

t#llouschiold Appliances (71)
t-Watches, Clocks (38)
Electron Tubecs (45)
Welding Apparatus (71)
Elec. Iund. Apparatus (51)
Dental Equip. (53)
UFabric Textile Prod. (53)
Household Laundry (71)
Opthalmic Goods (40)
Uphol. louscliold Furn. (41)
Misc. Publishing (30
Plastics (158)
Toilet Preparations (4%)
Footware Cut Stock (56)
“¢-Footware Lxcept Rubber (35
Small Arms : (43)
“Fabric Wire Prod. (132)
Semiconductors (44)
Alrcraft (34)
L~ Pottery Products (80
Houschold Vacuums (49)
Misc. Leather (40)
Rice Miiling {5Y)
J~Macaroni (54)
l~Floor Coverings (78)
Industrial Trucks (51D
Ind. Controls (34)
Steel Springs (109)
Special Dies and Tools L7
Alum. Castings (121)
Sewing Machinces (46)
Yood Prod. Mach. (44)

# Phono Records (49)
Metal Forming Tool (50)
Primary Batteries (53)
Asbestos Prod. (99)
Caskets (76)
Rubber Footwear (56)
Mecat, Animal Prod. (61)
Stone, Clay, Min. (9%)
L~ Brieks (303)
Concrete Blocks (126)
Fab. Metal Products (89)
Signs, Ads (52)
Retail Trade (34)
Amusmt ., Rec. Serv. (23

1980 calculations based on SR1U fornula and deta fre~

1963 and 1967," by R.ALeiendeen aud CoW, Builard,
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’ TABLE 4.
1975 ENERGY USE PER DOLLAR OF VALUE ADDED
(103 27Us/$ Value Added)
STATE
Sic
CODE CT MA ME NH R1 VT us
20 9.10 15.03 22.05 1.52 . 26.61 47.39 12.05
21 - - - - - - 2,04
22 29.10 27.08 27.76 20.68 31.47 - 2.36
23 4.88 2.72 - - - - 6.18
24 47.72 10.43 13.69 12.07 - 18.75 ¢1.93
25 5.66 10.50 - 15.87 - - 15.16 .35
26 36.43 35.08 113.71 83.96 138.99 38.18 £7.49
27 4.17 2.96 7.62 5.09 0 3.32 4.67 2.55
28 14.48 21.76 - 22.08 20.43 - £1.51
29 - - - - - - 134,52
30 16.60 12.18 19.88 9.25 8.57 12.83 16.59
31 - 8.34 8.45 11.64 - - 7.07
3z 30. 18 2/.35 8t.02 39.22 57.71 21.64 /5,99
33 31.92 13.41 - - 13.03 - 73.13
34 8.02 10.78 7.45 4.15 8.24 4.50 10,77
35 6.17 3.87 6.47 4.67 .6.02 4.64 G.42
36 4.31 4.81 - 2.78 5.11 - 6.54
37 - 4.93 8.71 - 11.01 8.53 - 7.70
38 3.82 4,38 - 2.84 6.75 - £.93
39 9.14 6.02 - - 2.14 - 5.81
TOTAL 9.70 10.11 47.35 16.15 10.98. 13.53 27.25

Source: U.S. Department of Commerée, Bureau

Manufactures 1975.

NOTE: (-) indicates data not available.

of the Census, Annual Survev of




SIC
CODE

Source:

NOTE:

{
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TABLE 5.

1975 PURCHASED ENERGY COSTS AS PERCENT OF VALUE ADDED

STATE

CT MA ME NH RI VT us
3.0 4.7 6.3 0.5 6.5 11.4
8.6 7.5 6.8 6.2 9.9 -
1.9 1.2 1.0 1.5 1.8 -
9.8 3.8 5.5 3.9 - 5.5
1.5 3.1 2.9 4.2 - 6.7
10.8 9.7 24.1 18.7 11.4 9.5
1.6 1.3 1.3 2.4 1.7 1.4 =
4.0 6.3 ° - 5.8 4.7 -
4.9 5.6 5.6 4.0 4.1 5.6
- .7 2.3 3.6 - -
7.8 7.8 19.6 11.5 14.6 5.7
11.3 6.3 - - 5.4 -
3.1 3.5 3.5 1.9 3.1 1.9
2.5 1.6 2.8 2.1 2.5 1.8
2.1 2.2 - 1.4 2.2 -
2.0 3.2 - 4.8 4.0 -
1.8 1.7 - 1.9 2.3 -
3.3 2.3 - 1.8 1.5 4.0
3.4 3.4 10.6 4.6 3.9 4.2

U.S. Departrent of Commerce, Bureau of the Census, Annual

Survey of Marufactures 1975.

{-) indicates “ata not available.



‘4', ' Attachment 1

OQutline of Census Bureau Energy-Related Statistics

A major element of the Census Bureau's statistical program consists of
censuses conducted every 5 years which provide benchmark statistics for
agriculture, manufacturing, mining, wholesale and retail trade and
selected services, sectors of the transportation industry, and State
and local governments. These statistics are used to study the economy
in depth and permit a cetailed examination of specific industries. The
censuses generally provide the framework for intercensal monthly,
quarterly, and annual programs which provide important information for
selected sectors of the economy. In response to data user needs, the
Census Bureau attempts to meet many requests for special tabulations
and the development of statistical data on a one-time basis.

In the canvass of the quinquennial economic censuses, intercensal surveys,
and special survey and tabulation requests, the Bureau does collect and
have available information related to energy and is currently involved in
developing several new programs in this area. The kinds of data developed
are summarized in the attached outline, "Census Bureau Energy-Related

Statistics." Highlights of the programs involving energy-related data
are summarized below: a

1. The Census of Mineral Industries, part of the quinquennial econcmic
censuses, has been published at regular intervals since 1840 and
provides detailed information on coal mining and oil and gas oper-
ations including expenditures and drilling statistics. The final
report for 0i1 and Gas Field Operations from the 1972 census includes

~data on number of wells operated by geographic area; drilling sta-
tistics for oil, gas and gas condensate, dry and service wells as
reported by operators; and drilling statistics for exploratory and
developmental wells as reported by operators, by type of well,
geographic area, and depth range.

2. An Annual Survey of 0i1 and Gas Expenditures provides estimates of
expenditures separately for the exploration and development of crude

petroleum and the exploration and development of natural gas. Orig-

inally requested by the Senate Commerce Committee in 1972 in order
to determine the impact of the natural gas price ceiling on natural
gas exploration and development, these data are now provided annually.

3. In the industrial sector, the Census of Manufactures provides infor-
mation on petroleum refining and related industries. In addition to
general statistics, detailed information on quantity and value of
products and materials consumed are provided. Many of the 450 indus-
tries include data on consumption of petroleum products or derivatives
of petroleum products as raw materials consumed in the manufacturing
process.

DM e Loet S0EAY i3
T AR IR 1 |

SETTY T

—
Tl

,,““ﬁ..
T
. L Tipranan:

Lk AR




-2 -

The Annual Survey of Manufactures pfovides selected information on
petroleum and related industries as well as cost of purchased fuels
and electric energy used by industry groups.

A special report on fuels and electric energy containing information
on fuels consumed in 1971 by type of fuel by consuming industry and
by geographic area was published as part of the 1972 Census of Manu-
factures. A similar report is being developed as part of the 1974

Annual Survey of Manufactures. Availability of selected information
is expected by the end of the year. :

The Current Industrial Reports program includes a bi-annual survey on
Sales of.Lubricating and Industrial 0ils and Greases and an annual

survey on Asphalt and Tar Roofing and Siding Products. Other monthly, -

quarterly, and annual surveys in this series provide information re-

lated to energy consumption (i.e., plastics products, supply and dis-
tribution of snythetic rubber and synthetic fibers).

-
a

The statistics on construction activities include an annual survey of
characteristics of new one-family homes which provides information on
major types of heating fuel used in new one-family houses. Similar
data were collected in the 1970 census for all of the Nation's housing
stock. Information on types of heating fuel used for new multi-family
buildings_started in 1974 has been published. Collection of these
data will be continued. By the end of the year, we plan to publish
data on types of fuel used to heat and air-condition privately owned
nonresidential building projects in the report "Value of New Construc-
-~tion Put in Place." We are collecting similar information for State
and local government building projects and will start publishing in-
formation for this sector by mid-1976. '

.In the foreign trade program, export and import data are published
for commodities such as petroleum products, coal, natural gas, and
nuclear materials as well as machinery and equipment which can be
used in mining, drilling, refining and production of energy-related
products. These statistics are published on a monthly and cumulative
basis at various levels of commodity detail by country of origin for
imports and country of destination for exports. The data are based
on official import and export documents required to be filed with

the U.S. Customs Service.

Data on the retail and wholesale distribution of fuels--such as the
number of gallons of gasoline sold by service stations--are being
published based on the 1972 Economic Censuses. Information is also
being developed on distribution outlets for petroleum products. A
survey of gasoline service stations is being conducted for the Federal
Energy Administration to determine the gallonage sold each month,
categorized by sales by dealers of branded and unbranded gasoline.

L
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11.

12.

13.
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Statistics on transportation activities include a Truck Inventory
and Use Survey that includes information by type of truck, type of
fuel used and miles driven. Additionally, the 1972 National.Traye]
Survey provides estimates of nonlocal travel by type of destination.

The census of agriculture includes farm expenditures for gasoline

~and other petroleum products.

An important feature of our program in State and local government
statistics is information on tax revenues by energy type, inter-
governmental revenues from energy source, and expenditures for
utilities.

In addition, the Bureau's demographic and social data collection
activities, including both the 1970 Decennial Census program and
the monthly Current Population Survey, provide statistics on the.
general population that have a direct relationship to the current -
energy crisis. For example, the 1970 Decennial Census data provide
information on the.geographic distribution of the population and
the density of population settlement. Information from the cénsus
on the current residence of the population, on their place of work,
and on their means of transportation to work will be of great value
in determining gasoline use and allocation. Commuting data are -
available for counties and cities showing the number of persons ,
driving their own cars to work, riding in carpools, and using public
transportation. The Annual Housing Survey, both at the national
level and in 21 selected SMSA's, contains even more extensive com-
muting data (e.g., including distance and time from work) on a
current basis. The 1970 census also provided a wide variety of
information on how America is housed--number of rooms, type of
heating equipment, and the presence of energy-using kitchen and
laundry equipment to mention only a few. Current national data
concerning labor market participation, the occupation and industry
of the employed, and personal and family income are also collected
by the Bureau. These data could provide indirect measures of some
of the effects of the current energy situation.

To put into proper perspective the description of energy-related data com-
piled by the Census Bureau, brief reference should be made to general areas
of information needed in respect to energy problems that are not character-
istically compiled by the Census Bureau. Historically, the Bureau has not
engaged ir regular data collection on subjects such as prices or profits
which are covered by other administrative or regulatory agencies, or for
which technical or engineering knowledge is required such as in determining
0il and other mineral reserves.

i
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Annual 0il and Gas Survey

A survey of the domestic crude petroleum and natural gas
extraction industry. Statistics are cross-classified by
type of producing property (oil, gas, or combination) and
by degree of owner operation. Separate statistics are pro-
vided for offshore areas and Alaska.

---Expenditures
Exploration
Development
Production

---Revenues

---Sales Volumes

--=-Assets

sl

Other Survey Data Related to Energy

1. Annual Current Industrial Reports (energy-related) =  Mandatory
(13 USC)
*MA-29C (biennial) Sales of Lubricating and
Industrial 0ils and Greases ‘
MA-30D Shipments of Selected Plastics Products
MA-33L Insulated Wire and Cable
MA-22F Textured and Spun Yarn Production
tMA-34N  Selected Heating Equipment
LAA-22G  Narrow Fabrics '
MA-35M  Air-Conditioning and Refrigeration Equipment
MA-36A  Switchgear, Switchboard Apparatus, Relays,
and Industrial Controls
MA-36E Electric Housewares and Fans
MA-36F Major Household Appliances
MA-36L Electric Lighting Fixtures
MA-29A Asphalt and Tar Roofing and Siding Products
MA-36N  Selected Electronic and Associated Products
MA-30E Plastic Bottles

2. Quarterly Current Industrial Reports (energy related) Voluntary

"ﬁa—ZZT Textile Fabrics
MA-26F Converted Flexible Packaging Products
Q-22K  Production of Knit Cloth
Q-22Q Carpet and Rugs

*Voluntary
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4. Travel agencies: statistics by size and type of
services, source of receipts; by selected SMSA.

J. Sample surveys provide monthly national estimates on
total dollar volume of sales of establishments classified
by kind of business, including gasoline service stations
and the larger kind of business among those listed above;
limited kind-of-business detail is provided by geographic
division.

Export and Import Statistics

Export and import statistics as published on energy-related commodities
such as petroleum and products, coal, natural gas, and nuclear materials,
as well as machinery and equipment which can be used in mining, drilling,
refining, and production of energy. Statistics on electric energy are

not compiled by Census but are available from the Federal Power Commission.

The statistics are released at various levels of commodity detail in a
variety of arrangements (e.g., commodity by country, commodity by Customs
District, etc.). Details on the various arrangements are presented in
the Bureau's Guide to Foreign Trade Statistics.

The foreign trade statistics are compiled in accordance with the elassi-
fications in schedule B, Statistical Classification of Domestic and
Foreign Commodities Exported From the United States for exports and the
Tariftf Schedules of the United States Annotated (TSUSA) for imports.
Publication of the statistics is on a monthly and cumulative basis in
terms of both Schedule B and TSUSA. Additionally, in some reports the
TSUSA data are presented in terms of a rearranged commodity classifi-
cation system--Schedule A, Statistical Classification of Commodities
Imported Into the United States. Both Schedule B and Schedule A are
based on the Standard International Trade Classification (SITC).

Construction Activity

LX. New Residential One-Family Houses

Major types of heating fuel used for new one-family houses are
published in the Annual C25, "Characteristics of New One-Family
Homes." (Note: With modifications to the existing program, we
can probably produce these data on a quarterly basis.)

L/’A special tabulation was prepared showing the major types of
heating fuel used in new one-family houses completed in 1971,
1972, and January through June 1973 for 29 SMSA's. (Note: This

could probably be expanded to cover more SMSA's and provide semi-
annual data).

K
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NOTE: Modifications to the program could producé statistics on

square feet of floor space completed and heated by the various

types of fuel for new one-family houses.

" New Residential Multi-Family Buildings

Major types of heating fuel used for new mu]ti—family bui]ﬁings
in January 1973. ’

NOTE: The Bureau could provide major type of heating fuel data
by number of units and by square feet of floor space for all
types of residential structures at any or all of the stages of
construction: starts, under construction, or completions.

New Nonresidential Buildings (excludes Private Utilities and
Federally Constructed Buildings)

Information on major types of heating fuel used in privately
owned nonresidential building projects, excluding public #itili-
ties, and for new State and local government building projects
is being collected starting January 1974. The survey will pro-
vide for the tabulation of information on the square feet of
floor space heated and air-conditioned by different types of
fuel by major type of construction, e.g., schools, hospitals,
etc., for new projects started, under construction, or completed.
The Bureau should obtain a fairly comprehensive picture of fuel
consumed for heating and cooling purposes. e do not have any
publication plans as yet, but we hope to publish as soon as the
data are considered "publishable" in the C30 Report, "Value of
New Construction Put In Place."

Survey of Residential Alterations and Repairs - SORAR

Information on heating and air-conditioning expenditures relating
to household alterations and repairs.

NOTE: This information could be expanded to obtain data on con-
versions from coal to oil, oil to gas, etc. However, the sample
for this survey was recently reduced by about 50 percent so that
expenditures must be fairly large before reliable data are ob-
tained. Also, supplementary questions could easily be introduced
to obtain other household type data.

V. Transportation Activity

A.

A final hardbound Volume II has been published containing data
from previously published reports for each of the 50 States, the
District of Columbia and a U.S. Summary report from the 1972
Truck Inventory and Use Survey. The greatest detail is available

in the public use tape. A published description of tape content
is available.
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VI.

VII.

VIII.
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Enterpr1se Statistics

A. Company level data will be comp11ed in the Enterprise Statistics
- files for all firms engaged in minerals production, contract
construction, manufacturing, wholesale and retail trades, and
miscellaneous business and personal services. The information
is presently being compiled for the 1972 Economic Censuses with
comparable data available from the 1967 Censuses.

Data for all companies on: Number of companies and
establishments, employment, payroll, and sales.

Data for Census covered companies of over 500 employees
on capital expenditures, fixed assets, d°prec1at1on,
rental payments, and total assets.

Physical location down to Census Tract level for
establishments and legal form of parent company.
B. Annual data on employment and quarterly payrolls for employer
- firms is available from the County Business Patterns at
specific economic activity (SIC) within county.

Special Survey of Scientists and Engineers

A survey is being undertaken for the National Science Foundation

covering scientists and engineers working on energy-related activities.

Information to be collected includes the number of employees by energy
source (coal, oil shale, nuclear, etc.) and by activity (extraction,
conversion, etc.). Information classifying scientists and engineers by
occupation and energy source will also be covered.

Agricultural Activity

The following data are available from the 1969 Census of Agriculture.
Similar data will be collected in the upcoming 1974 Census.

A. Number of automobiles, trucks, tractors, and other specific
farm equipment located on farms at the end of calendar year
1969.

B. Farm expenditures during calendar year 1969 for gasoline and
other petroleum products in the following categories:

Gasoline

Diesel Fuel

LP, Propane, and Butane Gas

0ils, greases, and other petroleum products
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Government Activity

A.

Quarterly

1.

Summary of State and Local Tax Revenue Motor fuel sales
tax revenues.

2. Construction Expenditure of State and Local Governments
a. Highways
b. Electric power systems
Annual
1. State Tax Collections
a. Motor fuel sales tax revenue
b. Motor vehicle registration license revenue
c. Severance tax revenue _ ,
d. Public utilities sales and gross receipts tax revenue
2. City Government Finances--national estimates based on
sample and data for individual cities of over 50,000
population
a. Revenue, expenditure, and indebtedness of city-
operated utilities--water supply, electric power,
transit and gas supply
b. Public utility sales and gross receipts tax revenue
3. Governmental Finances--presents U.S. totals and State-by-
State estimates based on finance data for all States and
a sample of local governments
a. Motor fuel sales and gross receipts tax revenue
b. Public utilities sales and gross receipts taxes
c. Local government-operated utility revenue, expendi-
ture, and indebtedness--water supply, electric power,
transit, and gas supply utilities
d. Highway maintenance and construction expenditures
4. Public Employment--number of employees and October payrolls

for utilities operated by local governments--water supply,
electric power, transit and gas supply.

Census of Governments--quinquennial in years ending in "2" and “7."
Reports for the 1972 Census have been completed and issued. These
censuses started in 1957. Each census presents data comparable to

the above-mentioned finance and employment statistics for all State
and local governments.
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Industrial Energy Assessment Survey

What are your major sources of information on energy conservation?

In house staff
Outside consultants

Trade journals (srecify)

Government publications

Government:
- Federal
- State

Other (specify) _

-
-

Is your firm a member of any trade organization which is concerned
with energy conservation?

Yes No ey

Specify

Is someone in your plant responsible for energy conservation?
Yes No

Name (optional)

Title

Please indicate any formal technical training this person may have
a) Degree in a technical field

b) Licensed in a technical field _

c) Certificate program completion

d) Other (explain)

If "No" who would be best suited to fill this role?

Name (optional) _

Title

Please indicate any formal technical training this person may have?

a) Degree in a technical field _



b) Licensed in a technical field (f
c) Certificate program completion

d) Other (explain)

What is your firm currently engaged in making?

How many people does your firm employ?

Have you implemented any energy conservatlon programs since January
of 19767

Yes No (;

If "Yes", What types of measures were taken?
(check appropriate responses)

House Keeping

a) Room temperature adjustment

b) Lighting adjustment

c) Insulation of pivpes

d) Increased maintenance of steam lines and traps
e) Weather stripping

f) Insulation (walls or roof)

g) Elimination of steam leaks

h) Other (please specify)




Process Modification

a) Waste heat recovery

b) Flash condensate to lower pressure
c) Return steam condensate

d) Demand control

e) Replace burners

f) Control modification to reduce energy (explain)

g) Other (specify)

What % reduction in energy use do you estimate you have achieved by
implementing these programs?

Was energy awareness for employees a part of your conservation pro-
gram?

_LTe

Yes ) No

Have you had an energy audit conducted at your building?

Yes No

If "Yes'" have you implemented any energy saving measures as a result
of that audit?

Yes No

(please specify what these measures are)

What firm conducted the €NCTEY audit? (optional)

How important do you believe coping with the cost of energy 18 to
the success of your business?

a) WNo 1importance
b) Little importance
c) Somewhat important

d) Very important



Would you be interested in sending a representative to attend a
‘workshop 1in energy conservation measures for industry?

Yes No
If "Yes" whom do we contact?

Name

Position

Office Phone No.

What energy conservation topics do you feel should be addressed in
a workshop/seminar?

(specify)

5l
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Energy Assessment Survey: Residential

Number of families presently living in structure?

Number of units in structure?

Age of structure?

What energy conservation measures, if any, have you undertaken in
your home since January of 19767

(check appropriate responses)

a) Lowered thermostat in winter Yes No

If "Yes! by how many degrees?

b) Raised thermostat for air conditioning or cooling unit in
summer? Yes No

If "yes" by how many degrees?

c) Caulking and weatherstripping? Yes No
If "No" was this done prior to 19767 Yes No
d) Attic insulation? " Yes No

I. If "Yes'" how many inches were added?

ITI. What type of insulation was used? 1) cellulose
2) glass 3) foam 4) other (specify)

ITI. Did you install insulation yourself? Yes

IV. How many inches of attic insulation did you have prior to
January of 19767

e) Wall insulation? Yes No
I. If yes how many inches were added?
IT. What type.of insulation was used? 1) cellulose
2) glass 3) foam 4) Other (specify)

ITI. Did you install insulation yourself?

No



IV. How many inches of wall insulation did you have prior to
January of 19767

Have you utilized any alternate energy sources in your home since
January of 19767

Yes No

(specify which types)

Has your home or building ever received an energy audit?

Yes No

If "Yes'" have you implemented any energy saving measures as a re-
sult of that audit?

Yes No

(Please specify what these measures are)

Who conducted the audit?

Yourself Auditing firm (specify)

Contractor (specify)

Other (specify)

Would you consider weatherizing your home if reliable information
about products, contractors, and instructions on installation were
made available to you?

Yes No
Where do you receive most of your information about energy conser-

vation?

a) Expo/Home shows

b) Newspaper

c) T.V.

d) Radio

e) Other (specify)




EXHIBIT ONE

STRUCTURAL CLASSIFICATION

STANDARD
Requires at most only normal maintenance, This category 1is

comprised of buildings which have no defects or only surface
defects in structural and/or non-structural elements,

STRUCTURE REQUIRING REHABILITATION

Does not meet criteria for being substandard.

But...has major and minor defects in primary and secondary
elements that need to be corrected,

STRUCTURALLY SUBSTANDARD

1. Two (2) critical defects in primary éomponents.

or

2, One (1) critical defect in a primary component and two
major (2) defects in primary of three (3) major defects
in a secondary component,

or

—

3. Two (2) critical defects in a secondary component and
three (3) major defects in a primary or secondary com-
_ponent,

or

4, Five (5) major defects in primary or secondary components,






3.

Roofing Structure

Rated #1
(Sound)

Rated {2
(Minor)

Rated #¢
(Critical)

The rooi structure is scund and in proper alignment.

The rooi siructure is out of line, but requiring only minos
repair and no replacement.

The rooi structure is out of line or sagging and requires
repair including partiai replacement of covering materials
and supporting structure.

The roof structure is so deteriorated that it must be totally

replaced.

Rating

SECONDARY COMPONENTS

Siding Material

Rated #1
{Sound)

Rated #2
(Minor)
Rated #3

(Major)

Rated #4
(Critcal)

Comments

The siding materials are properly applied and in a reason-
ably sound condition so as to provide full protection of the
occupants frora the elements.

The siding material is begzinning to require normal mainte-
nance in order to return it to its original condition.

: w“
The siding materials are deteriorated to the degree that re-
placement of a portion is necessary to return it to its origina.
condition. A

The siding materials have deteriorated to the degree that
complete replacement is necessary.

Rating




Roofings Material

” ed #1 The roofing materials are properly applied and in a reason-
\wound) ably sound condition so os to provice full protection of the
occupants from the elements.

i

Rated #2 " The roofing material is beginning to require normal mainte-
‘Minor) nance in order to return it 1o its original condition such as

replacement of a few shingles,

Rated #3 The roofing materials are deteriorated to the degree that re-
Major) placement of a sizable portion is necessary to return it to its
original condaition.

Rated The roofing materials have deteriorated to the degree that com~-
Critical) plete replacement is necessary.

Rating .
1ents

6. Yard Conditions

1) trash and debris in yard
2) fences in disrepair and/or sidewalks in disrepair

3) porch sagging and having broken floor boards

4) steps and railways unsafe and in disrepair

Rated # 1 yard is in a suitable condition
(Sound)
Rated # 2 vyard contains 1 or 2 of the above defects
(Mipor)
Rated # 3 -yard contains 3 of the above defects
(Minor) :
Rated # 4 yard contains 4 of the above defects
(Critical)

Rating

Commants




7. Windows and Doors

Rated =l They are solid, weathertight, and workable, and require no
(Sound) repair,
Rated #2 They are solid, weathertight, and workable, but require minor
(Minor) repair such as replacing missing putty.
Rated # They are sagging, not completely workable or weathertight and
o (=) &
(Major) require some replacement of broken panes, frames, sills, and
sashes.
Rated #4 They have detleriorated to such a degree tnat total replacement
(Critical) is necessary.
-Rating
Comments

AN

8. Outstructure (garage, shed, etc.)

Rated # 1 structure is plumb, roof adequate, exterior
(Sound) has adeqguate siding, etc.
Rated # 2 structure has minor defects in roof, siding
(minor) foundation.
Rated # 3 structure has major defects in roof, siding
(Major) and foundation.
Rated # 4 structure has critical defects it roof, si-
(Critical) ding, and foundation

Rating

Comments
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EXHIBIT TWO

ENWVIUAIMENTLAL DEFACTS

Building or Lots Having an Adverse Lffect on Surrounding Area

Inacdequate sStreet layout
Incompatible uses or land use relationships

Zxplain

Cvercrowding of buildin

G3
0

on land

LTxplain

Zxcessive dwelling unit cdensity

Lxplain

Shsolete buildings not suitable for improvement or
conversion

Lxplain

2ther hazards to healtl, safety, and general well
being of the community

a,. Builcding or 1ot containing trach and debris
b. Lack of maintenance; unsightly appearance
cC. Cther

Cther

]

]
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SATERICH SURVEY

A R bt e B Pty
THDERCTT,

=5 LATE

L\ 2DRIECC DLAT ¢

CRITSJS 3LoCT 10T #

LEVID CJSE CLURMANTT .

LTCEINECTYA , CILE

DR INMARY COMPIHINTS

i, Foundation 2ating
Comments

Z. Axterior Vlall Structure Rating
Comments

2. FRoefing Structure Rating
Comments -

DROOHDARY COMPTITENTE

4, Sicding Material tating
Comments

5. Poofing Material Lating
Comments

&, Varc Condition nating
Comments

7. "incows and Doors hating
Comments

2. Cutstructure Lating
Comments

SRV EY SUMMALSY

L. Zrimary Components cecondary Components
Minor Lefects Minor Zefects
Major FLefects Major refects
Critical Defects Critical Defects

=, Rating:

D | Structuralliy substandard to a degree warranting
clearziice

() [ zeficient

) [:] Standard recuiring normal maintenance












Hew uo you find tae educational servic=u?

—— .

T T T YR T e T T ot oo ;o 3 v—
4. How often is your carbage picked up? L N
5. VYhat social scivice crganizations serve you? (UMCL,
hexlta center, fanily counselling)?
Do you socialize inside or oiitside the areca? Vheve?
Are you a mewber of any groups or eorzanizations in the
area?
ENVIRANMELT “
1. Do you feel safe on thae streci?
2. \re the police vicible?
Do they do a goad jcob?
3. How many iriends do ycu have in the neighberiinod?
4, Is this a good neightcrhood to raise a fawmiiy? Why or
wiiy not? —
5. What is the bost feature of your neightorhesd? L
G. Whht is the woivrst Zzature of the neightorhocd? —
NEEDS

I you were given oue million dollars to improve your neighiar-—
hood, what would you do with 1it?

J— v—— -

- —— e
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GENERAL HIGHWAY AND STREET STA.  {RDS 8 3

. Desirable
Function and Widths Maximum

Type of Facility Design Features Spacing R.O.W. Pavement Grades Speed Other Features

Freeways Provide regional and metropolitan Variable; related to 200300’ Varies; 12’ per lane; 3% 60 mph Depressed, at grade, or elevated.
continuity and unity. Limited ac- regional pattern of 8-10’ shoulders Preferably depressed, through ur-
cess; no grade crossirigs; no traffic  population and both sides of each ban areas. Require intensive fand-
stops. industrial centers roadway; 8'—-60’ scaping, service roads, or adequate

median strip. rear lot buijlding set-back lines
(75") where service roads are not
provided.

Expressways Provide metropolitan and city con-  Variable; generally 200-250" Varies 12’ per lane; 4% 50 mph  Generally at grade. Requires land-
tinuity and unity. Limited access; radial or 8-10’ shoulders; scaping and service roads or ade-
some channelized grade crossings circumferential 8-30’ median strip. quate rear lot building set-back
and signals at major intersections. . lines (75’) where service roads are
Parking prohibited. not provided.

Major Roads Provide unity throughout contigu- 12 to 2 miles 120-150" 84’ maximum 4% = 3545 mph Require 5 wide detached side-

{Major Arterials) ous wurban area. Usually form for 4 lanes, walks in urban areas, planting
boundaries for neighborhoods. parking and strips (5’10’ wide or more) and
Minor access control; channelized median strip. adequate building set-back lines
intersections; parking generally (30") for buildings fronting on
prohibited. street; 60’ for buildings backing

on street,

Secondary Roads  Main feeder streets. Signals where 34 to 1 mile 80’ 60/ 5% 3540 mph Require 5 wide detached side-

(Minor Arterials) needed; stop signs on side streets. walks, planting strips between side-
Occasionally form boundaries for walks and curb 5 to 10’ or more,
neighborhoods. and adequate buijlding set-back

lines (30").

Coliector Streets Main interior streets. Stop signson 14 to ¥4 mile 64/ 44’ (2—-12! traffic 5% 30 mph  Require at least 4’ wide detached

side streets. lanes; 2—-10’ sidewalks; vertical curbs; planting
parking lanes) strips are desirable; building set-
X back lines 30’ from right of way.

Local Streets Local service streets. Non-con- at blocks 50’ 36’ where street 6% 25 mph  Sidewalks at least 4’ in width for
ducive to through traffic. parking is densities greater than 1 d.u./acre,

permitted. and curbs and gutters.

Cul-de-sac Street open at only one end, with only wherever practical - 50 30'-36’ (75’ 5% Should not have a length greater
provision for a turn-around at the (90’ dia. turn-around) than 500 feet.

NIRCY - Cirnruem Ny

other.

Cpoue bor be

turn-around

)



HIGHWAY cf 3IFICATION

Highway systems are grouped into a number of different classifications

for administrative, planning, and design purposes. The Federal Aid finan-
cing system, state-county-city's administrative systems, and commercial-
industrial-residential-recreational systems are examples of the variety of

highway classifications.

In the most basic classification system for design work, highways and
streets are grouped into: (1) interstate, primary (excluding interstate},
secondary, and tertiary road classes in rural areas, and (2) expressway,
arterial, collector, and local road classes in urban areas. These classifica-
tions usually carry with them a set of suggested minimum design standards
which are in keeping with the importance of the system and are governed by
the specific transportation services the system is to perform. The principal
consideration for designating roads into systems are the travel desires of
the public, land-access requirements based on existing and future land use,
and continuity of the system. Four basic purposes of urban street systems
have been suggested: :

1. Expressway system (inciuding freeways and parkways)—providing
for expeditious movement of large volumes of through traffic between
areas and across the city, and not intended to provide land-access service.

2. Major arterial system—providing for the through traffic movement
between areas and across the city, and direct access to abutting property;
subject to necessary control of entrances, exists, and curb use.

3. Collect or street system—providing for traffic movement between
major arterials and local streets, and direct access to abutting property.

4. Local street system—providing for direct access to abutting’land,
and for local traffic movements.

.These basic purposes of city street systems are similar to those of
" rural interstate, primary, secondary, and tertiary highways, respectively,
so far as the various degrees of accommodation of through traffic and
land access is concerned. However, regional as well as national highway
transportation requirements must be met by rural highways. The Tables
compare the overall criteria of urban street and rural highway classifica-
tions.

The principles and elements of geometric design for both urban and
rural facilities are generally the same. However, to meet urban and rural
traffic demands, design details are often varied because speeds, traffic
composition, lengths and purposes of trips, etc., are not the same.

Urban

SOURCE: Siandards for Sireet Facilities and Services, Procedure Manual 7A. National Committee on

Transportation, Public Adminisiration Service, Chicago, 1958, p. 11,

238
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URBAN STREET CLASSIFICATION CRITERIA

System
Element
Expressway Major Arterial  Collector Local
Service function:
Movement....................... primary primary equal secondary
Ac.cess..u...: ...................... none secondary equalt primary
Principal trip length........ over 3 miles over 1 mile | under 1 mile |under V5 mile
Use by transit................... express regular regular none, except
) C.B.D.
Linkage:
Land uses...............ccoonil. major gener- secondary local areas individuat
ators & generators sites
C.B.D. & C.B.D.
Rural highways................. interstate & '
state state primary | county roads none
primary & secondary
Spacing..............cccoiiiie 1-3 miles 1 mile L5 mile
Percentage of system........... 0-8 20-35 65-80
RURAL ROAD CLASSIFICATION CRITERIA®
System
Element
Interstate Primary Secondary Tertiary
Service function:
Movement........................ .primary< primary equal secondary
Access ... controlled secondary equal primary
Linkage to:
Geographic....................... major cities | smaller cities | smaller cities farm-to-
& regions market
Urban streets................... expressways |expressways &|major arterials| coliectors
major & collectors & tocal
. arterials
‘ »
Percentage of system........... .2 17 10 71

*Inctudes surfaced roads only.

e
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In terms of the minimum desirable number of lanes, a single lane on a Class 1
bikeway is not particularly effective since it doesn't allow passing without leaving
the bikeway. As a recommended minimum on Class | bikeways, two lanes should
thus be provided to allow a passing lane capability.

On Class Il bikeways the minimum number of lanes that should bé provided
depends upon where on the street the bikeway is incorporated.

In Class |l bikeways additional clearance should be allowed for “dynamic” ob-
structions. The most obvious example of this is when the bikeway is located
adjacent to a parking lane. Since opening doors constitute a dynamic hazard to
cyclists, an additional clearance for the car door should be allowed if adequate
clearance is not provided in the parking lane and high parking density and turnover
exist. Similarly the proximity of the bikeway to traffic lanes (and the speed, volume
and mix of passing traffic) may require additional clearance if barriers are not
provided and if the traffic lane is not wide enough to provide the necessary spatial
separation.

TABLE 1 Minimum Effective Width for Class | and Class |l Bikeways as a
Function of Number of Bikeway Lanes '

MINIMUM EFFECTIVE WIDTH (FT)

Number Modified German Specificatlons
- of Based upon a Comfortable
Lanes Maneuvering Allowance at a
{One Way) German Specifications 10 mph Design Speed
1 3.3 (1m) 3.3
2 5.3 (1.6m) 6.4
3 8.5 (2.6m) 10.9
4 11. 8 (3. 6m) 15.3

278
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GRADE

Cyclist characteristics (age, weight, conditioning, oxygen uptake, etc.), bicycle
characteristics (gear ratios, type of cycle, tires, weight, etc.), wind velocity, air
resistance, and road surface are major determinants of maximum acceptable
bikeway grades and the length such grades should be in effect.

Source (1) recommends a 4-5% grade for one-speed cycles with a 9-10%
maximum on “short"” runs.

VOLUME CRITERIA FOR SEPARATED BIKEWAYS

Internationally, separated bikeways (Class I, Il) have generally been recom-
mended where:

1. Significant regular bicycle traffic exists, and/or
2. Significant future bicycle traffic is forecast, and/or
3. Significant motor vehicle traffic is present on the roadway.

»

SOURCE: Bikeway Planning Criteria & Guideliﬁes. University of California, 1972.
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