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~ FOREWORD

The interaction of land use and energy resources manage--

~ mant is a new sub]ect now- facing local governments and metro-

politan planning agencies. Elected officials are 1ncrea51ngly
confronted by the necessity of evaluating the energy consumption
impacts of land use decisions. Conversely, land use constralnts_
that may be occasioned by future energy shortages and/or . hlgher

.prices must also be faced.

_ This paper was prepared for the purpose of stxmulating
discussion and further exploration into this interaction, and
to introduce energy resources management into the Metropolltan
Growth Policy Program being conducted by the Council of Govern-
ments and its constituent jurisdictions. It is hoped that this
paper will assist the Transportation Planning Board, COG Policy
Committees, and local jurisdictions in deflnlng the boundaries
of land use/enerqy resources interaction in metropolitan

‘Washington.

The future metropolitan development scenarios discussed
in this paper are intended to illustrate the boundaries of en-
ergy impacts occasioned by several metropolitan arrangements of
household and employment activities. They do not represent.
existing or proposed policies of the Council of Governments or -
any of its member jurisdictions.  They are intended, however,
to supply “benchmark™ 1nformatlon with which to analyze exist-
ing and future policies from an energy resources v1ewp01nt.

This second edltlon 1nc1udes numerous editorial rev1510ns
made to the original . report dated June, 1975. 1In addition,.
certain quantitative revisions and corrections have been made

as. well.
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CHAPTER 1

SUMMARY AND CONCLUSIONS

A new era has begun within our economic, social and politi-
cal order. It has been termed an "age of scarcity" and applies
to a number of resources and resource uses. Two of our nation's
.mosf critical resources are land and energy, the subjects of this
paper. Awareness of land as a scarce resource preceded energy by
some time into the public consciousness, and numerous attempts to
manage the use of land so that adequate supplies will be available
at the right time and in the rigﬁt locations have been launched
on a broad front. These efforts have culminated in a number of
current programs of growth management whiéh are intended to guide
the orderly development and redevelopment of land. 1In thié sense,
) . A

The recent shortages and shifts in supplies of traditional
enerqgy sources have forced considerable thoucht and action as to
how to manage.this increasingly scarce resource. The concern for
energy resource management seems to have gone through several
phases: the first phase was a concern for increasing supplies;
the second was a concern for cdﬁserving present supplies and re-
ducing the growth of demand for future supplies; and the present
phase links the concern for the use of land with the use of en-
ergy. That linkage is the subject of this report.

This paper considers the implications of energy consumption
and conservation in relation to land use and growth management’in
the metropolitan Washington area. Aithough precise shifts in en-

ergy supplies and demands cannot be fully predicted, anticipation

1-1
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=
I growth management is resource management.
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" of the charécter of such éhifts and possible reactions is in
"the long-term bublic interest and wiil serve thc purposes of
those public agencies and private organizations whose decisions
define the growﬁh policy of the metropolitan Washington area.
The.phrpose~of this study, then, is to raise issues, to identify
trade-offs, and to state the likely impacts and relationships

that connect energy, land use, and development.

Framework and Organization

The approach td'this assignment consists of two phaseé:
the first analytical, and the.second policy-oriented. The find-
ings from the analysis of six alternative development scenarios
will indicate the direction and degrees of variation in energy
consumption that may be expected from alternative future land
use arrangements and densities. The bolicy énd issue-related
implications of that analysis are intended to stimulate dis-
cussion: e.g., the relative weight of energy in influencingir.
iand development; how energy conserving measures might be in-
corporated in land use control mechanisms; and impacts that
might be expected from changés in the availability of energy
sﬁpplies and in patterns of consumptiqn.

The progression of the report is presented below for the
reader's orientation and to provide an overview for the conclu-
sions that follow:

~ Chapter Two: "Current Context of Growth Policy"

In order to understand how energy 1is related
to development processes, those market forces and

' 3 @ B
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governmental policies which interact to shape the
quality, pace, and ultimate character of development
are described. This chapter reviews the demographic,
housing, and employment factors that affect growth;.
it further summarizes the present status of growth
management in the metropolitan Washington area.

Chapter Three: "Current Pattern of Energy Consumption"”

Current levels of energy consumption by source
"and end use are estimated for the metropolitan
Washington area. This chapter presents basic 1nformat10n,
which, when combined with the discussion of factors
affecting growth and development, will assist in the
analysis of future magnitudes of energy consumption.

Chapter Foﬁr: "Projection of Planning and Development
Context: Alternative Development Scenarios"

In order to determine how land use relates to en-

ergy consumption, six alternative development scenarios
are examined:

A. "Wedges and Corridors™ (as currently inter-
preted by local governments)

B. "Dense Center"

C. ' "Transit-Oriented"

D. "Wedges and Corridors with Income Balance"

E. "Sprawl"

F. "Beltway-Oriented"

These variations represent alternative arrangements and
densities of households and jobs, which are linked by
the same assumed transportation systems for the forecast
year.

Chapter Five: "Projection of Energy Consumption and
Future Energy Balances"

Using the alternative futures created in Chapter
Four, energy consumption associated with each scenario
is estimated. Since the analysis assumes no changes in
technology, nor any attempts to conserve energy, the
implications of varying these critical assumptions are
presented. This chapter also presents information as
to the degree of energy consumption associated with
alternative land use arrangements.



.Chapter Six: - "Energy and Land Use"

This chapter relates: the specific flndlng of
Chapter Five with a generalized discussion of the im-
pacts of dens1ty and spatial arrangements upon area-
wide energy consumption. A definition of an energy-
"efficient land use pattern is presented.

Chapter Seven: "Statement Of Issues"

If energy considerations were the only factors that
determined -land use and growth, certain idealized pat-
terns would result and policy implications would be
clear. However, many environmental, political, economic,
and institutional variables--of which energy is only one
--influence the location, character, and pace of develop-
ment. This chapter organizes the issues implied in this
interaction.

Chapter Eigh%; "Implications for Metropolitan Growth
and Development"

The issues and analysis of Chapters Six and Seven
are combined into a discussion of the likely future
growth that might occur under constrained supplies of
energy. '

Chapter Nine: "Policies and Implementation Strategies"

As a concluding chapter, the previous analysis and
discussions are translated into statements of policies
and implementation strategies that will contribute to
long-range energy balances in metropolitan Washington,
particularly through control over land use activities
"by growth management practices.

Findings and Conclusions

The differences in energy consumption among the scenarios
that were calculated in the course of this assignment are re-
ported in Table 1-1, below. The percentage increase in energy
consumption‘fdr each scenario from the base year to the
forecast year defines the aﬁpareﬁt boundaries of control
over energy consumption through land use aﬁd growth policy

means.
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Several keyvfindings emerge from this analysis:

-}

'In every scenario tested, there is considerable

increase in energy consumption over the base year.
Regardless of development patterns, there will be
increased demands for energy.

There is substantial latitude, however, in the
increased consumption from the base year among the
alternatives. The degree of difference in the in-
crease over base year consumption between the least
energy consuming alternative and the most energy
consuming alternative is 31 percent in total; 113
percent for transportation by automobile; and 35
percent for residential use. These large differences
indicate that substantial conservation in increased
consumption is possible;

The smaller variation in total consumption is due to
the fact that transportation by public transit and

consumption in the commercial, industrial and insti-
tutional employment sectors are assumed not to vary.

These percentage differences in energy increase over
the base year may be made more concrete by converting
relative differences in energy consumption increase
in the residential sector into annual energy require-
ments of dwelling units. The least consuming option

("Dense Center") annually provides enough fuel savings

compared to the most consuming option ("Sprawl") to
supply 109,500 additional single family detached
dwelling units. If "Wedges and Corridors" is compared
with the "Dense Center" alternatlve, a savings equal
to the annual fuel requirements of 65,500 additional
single family detached homes results.

Similarly, in the transportation sector (automobile
only) the differences between the two extreme cases
result in an energy consumption level that would

fuel 329,600 additional private automobiles (assuming
12,000'miles'per year of average use). The difference
between the "Wedges and Corridors" and the least en-
ergy consuming alternative, "Transit-Oriented Devel-
opment," amounts to an energy saving sufficient to
fuel 232,100 additiocnal automobilés annually.

These incremental savings are significantly large,

even though they are part of a much larger fore-
cast year base. For example, the variation in
households must be compared to an increment of al-
most 500,000 homes. What is more critical is that
in both instances there is heavy reliance on fossil

v
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fuels from scarce domestic and foreign sources.

Although such changes are difficult to predict, it
seems clear that alternative energy sources will be
developed, but reliance on new technologies alone

may not prove adequate to meet growing demands.
‘Reducing levels of consumption by other means, there-
fore, seems necessary. Such reductions can be brought
about by alterations in household consumption habits or
management practices ' in operating homes, offices and
automobiles; changes in design of buildings; more ef-
ficient use of transportation systems; and, of course,
changes in technology. In addition, there is potential
for reducing energy consumption through land use mea-
sures, which may be implemented by growth management
processes..

Such changes have a price, for altering present patterns
of development will mean sacrificing some types of con-
sumption or substituting some forms of consumption for
others. There are clear tradeoffs involved in deciding
whether higher densities are worth the price of energy
conservation; whether changes in the use of the auto-
mobile are worth the limitation to mobility implied by
energy conservation; and whether energy conservation is
economically or socially feasible when all relevant
factors are weighed.

1~7
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CHAPTER 2
CURRENT CONTEXT OF GROWTH AND GROWTH MANAGEMENT
The concepts of growth and growth management become more

troublesome as they are carefully examined and raise questions

that prove relevant to the purposes of this paper. Such questions

might include the foildwing:

°® What determines growth?

What factors shape growth and development in par-
-ticular patterns and intensities of land use?

What is growth management; and perhaps more important,
why is it necessary?

What are the impacts of growth management on land use
and development?

These Questions are not raised for rhetorical purposes, but to

initiate further discussion and to provide a framework for re-

'lating growth, development, and land use to the implications

of changes in energy availability.

a. A Look at Growth and Development

Grthh, in its most fundamental sense, implies change in
actiVitieé or levels of activities over time. As it relates to
land use, cﬁanges occdr in the types, locations, intensities,
spatial arrangements, and interrelationships among activities
or facilities as a‘result of SOCial, political, and economic
forces. Land may be seen ae the template upon which growth
occurs, so that at any moment in time a particular land use
pattern may be described. Over time the pattern may be seen
to be evolving; locations and relationships change as a part

of growth and development.



- The forces thch affect both static land usé‘patterns and
‘the processes of growth that link. these patterns operate to moti-
vate and t§ constrain the quality, rate, and nature of changes.
Thefe are two primary forces: ‘market or economic forces, and
governmental regulation and policy.' The operations of privéte
.mafketvmechanisﬁs and the guidance of public agencies determine
in large measure the form and pace of develbpment( Other elements
such asvphysicai or environmental factors, institutional arrange-
ments, social‘custpms, and personal prefefenées play a role. They
are given expression through g0verﬁﬁental and market activities,
and their influence is indirectly félt.
| _‘Market forces reflect shifts in demographic characteristics,
employment and housing factors, availability of land, and economic
costs. A summary of these féctors, and trends associated with
them, for thé,metropolifan Wéshington area is necessary, then,
for a partial understanding of the growth and develoﬁment occurring
at pfesenﬁ and 1ikely to occur in the near future.: |

b. Current_ConteXt‘of Growth

The following characteristics of change found in the metro-
politan Washingtbn,area directly influence growth and development:
1. Population and demographic characteristics:

.® The réte of population growth has dropped from
80,000 persons per year in the 1960's to approxi-
mately 38,000 annually in the 1970's.

® Declining birth rates are responsible for most
" of the decrease, but there appears to have been
net out-migration from the area during the early
1970's., Out-migration may be attributed to sev-
eral factors, including present restrictions on
housing construction and the relatively high
cost of living. Perhaps the leading factor is

_ ) i {(w
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the influence of federal employment-related
jobs which have only temporary tenure and pro-
‘mote both movement into and out of the area.

The average age of persons in the metropolitan
area is relatively low. This fact contributes
to the high rate of mobility. It is also note-
worthy that the number of children under five
years of age is dec¢lining. This means that
child-bearing and child-rearing are either being
deferred or are not being considered.

The District of Columbia has over 70 percent non-

white population (1970 census), and the metropolitan

area approximately 26 percent. Although three-quarters
- of the non-white population lives within the District

of Columbia, there is evidence of recent dispersion

to suburban areas.

Employment characteristics:
° Of all 1973 employees, governments at all levels
employed 36.7 percent of the labor force (25.2
percent Federal and 11.5 percent state and local).
The second leading employment sector is retail
trade with 11.5 percent.. Construction constitutes
6.9 percent, and manufacturing only 3.6 percent.

Although thé rate of increase in Federal employment
has slowed, the dominance of the Federal government
is clear. One-fourth of all jobs is provided by the

. Federal government, but a vast number of jobs service
the Federal government (over 40 percent of employment
in the manufacturing sector is in printing and pub-
lishing, for example).

° - The economy of the metropolitan area remains some-
what ‘insulated from the effects of the current na-
tional economic downturn. Area unemployment was 5.5
percent in March of 1975, while nationally it was 8.2
percent. :

Economic activity in construction and related industries,
such as real estate and finance, has declined and unem-
ployment is relatively high in these sectors.

"A very large prdportion of the area's labor force is
well-educated and highly paid. Recruitment is



nationwide and moblllty, both w1th1n and out-
s1de the reglon, is hlgh

3. Hou51ng characteristics:

One of the fundamental demand factors related to
housing is the mobility of the population. Recent
studies show that in some areas as many as 50 per-
cent of current residents did not reside at the
same: address five years earller Tenure is short
and turnover high.

Another’fundamental faétor in metropolitan growth

'~ is the drop in average household size:

Average Household Size
(Source- U.S. Bureau of the Census)

: Average
Year : Household Size
1950 3.32
1960 3.25.
1970 3.09
1975 - 2.91 (est.)

The high cost of housing can be attributed to a
number of factors, including the high cost of
borrowing. Other factors include sewer moratoria
in some jurisdictions and limitations on higher
density development in others. Coupled with a
housing market that traditionally suffers from

a short supply, the cost situation is critical.

_ Probably the most important factor with regard to

housing is the extraordinary rate of increase in
housing costs since 1967. The average annual

rate of increase in housing costs has been 12 per-
cent, while the overall price level has increased
seven percent annually.

The state of the'housing market may be illustrated
by the decline in the number of building permits
issued in recent years:

Building Permits Issued
(Source: U.S. Bureau of the Census)

1971 | 37,722

1972 43,290

1973 | 36,383

1974 16,302
2-4
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° .The market has been further tightened by the
expectation of further price increases and the
tendency to "trade up" in houses whenever possible,
since alternative investments have not been equally
attractive. '

° In recent years, there have been drastic shifts in
the types of dwelling units built in response to
- these economic factors. A 1974 estimate of the
proportions of dwelling units by type shows the
dominance of detached single family homes.

)

Distribution of all Housing Units by
Type of Structure, 1974
(Source: Council of Governments)

3

Type of Structure Percent
Detached Single Family ‘ 44.0
Attached Single Family - 11.0
.Garden and Walk-up Apartments 32.7
High Rise Apartments 11.9

Mobile Homes 0.4

Of new residential structures authorized since
1970, the following distribution is noted:

Distribution of Authorized
Housing Units by Type of Structure
1970-1975 o ,
(Source: Council of Governments)

Type of Structure Percent
Detached Single Family 36.7
- Attached Single Family 24.1
° ~Garden and Walk-up 21.1
: Apartments
High Rise Apartments 18.1

The proportion of single family detached homes
and garden/walkup apartments has declined, while
there has been a substantial rise in attached
single family homes. The major form of dwelling
units in the future may be the townhouse, perhaps
under condominium ownership.

M R B N N BN BN N e .

This recitation of demographic, economic, employment, and

¥

housing factors may indicate directions or trends in development.



" It does not completelf illustrate the current growth picture.
Growth is alsolinfluenced by present land use patterns, byvavailf
ability of public services--particﬁlarly sewer and water systems--
by transportétion systems, and by prevailing land values;

c. Public Facilities, Existing Land Use, and Land Values

Figure 2-1, below, displays the present and planned trans-
portatién system, includinévthe plannéd METRO rapid rail system.
It might be expected thatzmdre inteﬁse development will occur

-along portionsiof the,system. ‘The transit system will imﬁrovev
access throughout thé region, especiélly to the central core. It
will also encdﬁrége groﬁth in Vaéant areas adjacent to or near
the system.“'

Another way of looking at the present development pattern is
to review existing,household and employment density. Figures 2-2
and 2-3, below, show household and empldyment densities projected
for the base year, 1976, thch are presentéd as proxies for cur-
rent areawide land use patterns.

Another key determinant of development is the availability--
and, therefore, the price--of land. The location, amount, and
price of availqble vacant land in the Washington area have strong
implications for market decisions. The developability of land
is also influenced by availability of water and sewer facilities,
which may be reflected in land values. These relationships are

summarized in the following table:

<t
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Table 2-1
Availability of Vacant Land*

Price Per Acre - Vacant Land

: Amount Range Average
Location : (Acres) (Thousands) (Thousands)
Inside Ten-Mile = 9,742  $91.6-144.4 $138.8
Square

" Between Ten-Mile 17,422 17.5- 59.9  24.5
Square and Beltway ' - '

Outside 497,341 S 2.1 42.9 3.7
Beltway : :

*Source: Metropolitan Washington Council of Governments'
1973 Metropolitan Parcel File. Loudoun County
not included.

The large variation in price per acre almOStIautomatically
Specifies that there are some types of development that will
prove uneconomical on a particular site. Particular uses can-
not bebpredicted for given price levels, for there are other‘
detérminants'ih~éddition to pride But it is obvious, for
1nstance, that 1t would be costly to build a single family home
on the average vacant parcel w1th1n the ten—mlle square. Thls
lnformatlon implies that there w1ll be continued pressure to
expand development beyond the Beltway, where 1and costs are
:elatively low.

d. Current Context of Growth Management

The term "managed growth” is not equivalent to "no-growth.”
The notion that growth wili cease and that the status quo will
be preserved ié.difficult to uphold. Growth does occur. The
question is‘whether its pace, quality, and quantity may be guided

for particular purposes. Managed growth is an attempt to channel






00t 91 81

s1o 2l |s3933230
9999330

[unun Y |
37003)03) :
£oE 3033 '

oy

:::
wan
gl

AN
s

1o

4V ¥34 SGIDHISNON

seveectran
teeseseesetettire
PPPPINNIIIEIIIIEIIRRIRIIIRIIVEIY,

pooessrerssnsceree

D Y Y PR YT YT YRy
saebtacacatartrreerberattt




[ 3 - E N
uewAojdwy 18e) eseg :

Wy

isueQg

s 10034++800000Q3070 30300
Ry 0
ssseeseoceedl

eseree
400009000000
re0estses

Lk

Il N T N I EE O Eam

005 9 07 |

Yol

fres

%0030
033 i3y
0507 1333
CaD0130,
0N30%,::33

sN?

seresires

tae

334 ININAONT



Aemyjog puokeq pue ‘Aemjjeg

apisu| ‘aienbg spp-uay,, uiyum sealy

v-Z ‘B4

2-y

_ " 4 5 3 ® , |
HE EE BN EE T N Oy A R S S S N MR N O s



or influence the process of develbpment int§ more desirable forms
and to ensure that reshltantiland uées,‘activities, apd facilities
are coﬁéétible with‘a wider_set'of objectives than the benefits

or costs of thebgrowth itself.

A feature.of growth ﬁanagemeht'is_that-it must be comprehen-
sive in both geographical area and in time. If growth is man-
aqed at'one place, but not another, a competitive advantage re-
sults, and the activity may be shifted elsewhere. Development
often follows the line of least résistance in that respect. On
the other hand, if growth is mahagéd throughout an area, then
ﬁhe opportunity and the impuise to displace the growth elsewhere
is altered. For the successful management of Qrowth there needs
to be some‘areawide cooperative agreement of -commonly held inter-

ests.

The impulse for growth management has arisen from several
sourceé. In the metropolitan WaShington area, as elsewhere, the
rate of qrowih over the pastrdecade has been so rapid that de-
mands for public gbods and services outstripped the capabilities
of loc§l governments to provide them. New development often
threatened the community character or ambience of ﬁany areas.

- The growth that occurredvbrough burdens as well as blessings, and
at times the burdens were viewed-as excessive. The added traffic,
added costs, added inconvenience, added scale and dimension were
all aiscomforting, The particular problems of the metropolitan
Washington area--notably a housing shortage and the necessity

of imposing sewer moratoria because of inadequate sewage treatment

capacity--were added to this list. A number of jurisdictions
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paused to look at the growth of fheir communities, to formulate‘
pléhs and develop techniques to cope with a pace and.type of |
development that was threatening to overwhelm them.

.This was the fationale in many suburban jurisdictions in

this metropdlitan area for the initiation of growth management

'pfograms. Severél of those jurisdictions have taken significant

'strides in managing growth—fboth'in terms of techniques and in

comprehensively looking at what they wanted their community or
jurisdiction to become and how to get there. But growth manage-
ment has implications for.non-suburban jurisdictibns, too. The
same logic and1the same need for controlling development and co-
ordinating gove;nmeﬁtél activities prevails in rural and‘center
city’areas}as well.,bsince all growth occurs in a systemic context,
actions by individual jufisdictions cannot be considered in iso-
lation. Growth‘managemenﬁ is required, for instance, in formu-
1atihg :edevelopment strategies in the inner city and for deter-

mining how to preserve agricultural land in rural areas as well.

‘What is necessary is to view such actions and reactions in a wide

enough context.

This brings us to the current context of growth-ménagement.
Given the operation of market forces and the accompanying prob-
lems, it Qas'considered desirable for local governments to take
the initiative in . using their powers of regulation to ensure that
desiiable development occurred. Major efforts to manage growth
are now under way in virtually every jurisdiction in metropolitan
Washington..'Fairfax and Montgomery Counties, for example, have

undertaken programs of significant and comprehensive scope.
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What gives growth management an added‘dimension are parallel
~efforts at other levels of governmeﬁt. 'The.need for a regional
or metropolitan;based apprOaéh to growth was mentioned préFv
viously, énd the necessity for coordinated and comprehensive
planning at an interjufisdictional level seems apparent. An
integrated approach is being conéidered by the Metropolitan
Washington Council of Goverﬁmenté in its proposed Metropolitan
Growth Policy Program. Thié program consists of three major
elementé: (1) a_cooperative'forecasting program, so that con-
szistent data might be used in local and areawide planning and

so that short and long range gfowth might be analyzed; (2) an
impact assessment or analysis mechanism, so that the implications
of future growth might be measured for changes resulting from
the cooperétive forecésté——changés_in fiscal, environmental,
and social factors; and (3), an action program, consisting of

" a metropolitan improvement program related to growth and devel-
opment, and establishment 6f agreements among all jurisdictions
on how the burdens and benefits of growth might be equitably
shared.

In summary, demographic, employment, and housing factors
contribute to growth, but so does the operétion of éovernmental
planning processes and policy formulation. How these will
affect land use patterns in the yeafs ahead is the subjéct for
speculation, butAit is first necessary to complicate the growth
" and deveiopment process a bit more by adding the constraints of

changes in the availability of energy.
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CHAPTER 3

CURRENT PATTERN OF ENERGY CONSUMPTION

There seems to be common understanding that growth and

deVelopment are the results of economic and governmental ac-

tivities. There may not be agreement as to the desirable form

and pace of that growth, but it would be agreed that the two

interact. What is not well understood is how energy consumption

relates to and; in a final sense, influences how growth and de-
velopment may occur. No£ only is the relationship unclear, but
there has been little attention given to the pattern of energy
coﬁsumption, and insufficient analysis and information are avail-
able as.td where the problems of enérgy éupply and the opportuni-
ties of reducing dem&nds are found. The purpose of this chapter is
to relate energy consumption to the growth context suggested in
thé previous chapter, and fo report information concerning the
magnitudes of current energy use in the metropolitan Washington
area.

| In determining the pattern of energy consumption on an area-
wide basis, ﬁhere are two possible approaches. It might be possi-
ble to estimate metropolitan energy sources and then allocate those
sources to the appropriate geographiéal areas or sub-areas. This
will result in aggregated datavdefining total energy use, but it will
not display very well the variations among end-use sectors or on
a per-unit basis. On the other hand, it is possible to derive per-
unit energy consumption and then aggregate upward according to the

number of units.  The difficulties here are determining how per-unit

3-1



consumption levels vary and determining the numbers of units--
'especially if projections of future activities are involved. The
iﬁformation iﬁ this chapter describing the pattern of energy con-
bsumption in the metropolitan Washington area is based on a com-
bination of the two approaches, drawing on the 1973 energy bal-
ance for the Washington area developed by the Council of Govern-
ments and other sources.

Information for these energy balance accounts ﬁas obtained
from.variousvsourcés, igdluding utility dutput data, air quality
" and tranéportation data, and per-unit consumption data for
process uses (air conditioning and water heating, for example).
It should be pointed out that an adjustment to the metropolitan
energy balance was made that is not reflected in the tables
summarizing areawide sources and uses which follow. Because of
the ﬁanner in which utiliﬁies maintain their information, multi-
family residential structures are generally included in the com-
mercial sector, so that in the energy balance residential energqgy

use is understated and the commercial/industrial/institutional

total is overstated. The notes on each table document the necessary

»adjustment made for these sectors. The adjustment was performed
by calculating.the portion of commercial consumption that is
represented by mﬁlti—family housing, subtracting it from com-
mercial consumption and adding it to residential. Of course,
the metropolifan area total does not change.

a. Sources of Energy

The sources of energy consumed in the metropolitan Washington

area are reported in Table 3-1. The transportation sector is

3-2
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almost entirely dependent on gasoline, while the residential
and commefcial/ihdustrial/institutional sectors require sub-
stantial émounts of naturél gas, oil, énd electricity. It must
be nbted that electficity iS‘Of.tWO types—-useable'and wasted.
Because of tﬁe inhérent inefficiencies in electricity genera-
tion and transmission, there is considerable waste heat loss,
so that for every Btu equivalent of energy supplied to the
power plant--assuming use of fossil-fuel sources——ohly about
one-third is available at the point of use. When wasted enerqgy
~is included, electriéity accounts for about 35 percent of the
region's total energy needs.

b. Uses of Energy

The factors that determine the level of energy consumption
may be organized according to the following framework:

(1) Availability of supply. If adequate supplies of
fuel are not available--either reflected in higher
prices or mandatory allocations of supplies by
rationing--then, of course, the pattern of con-
sumption will be altered.

(2) Demand elasticity. Depending on the relationship
between changes in price and changes in the quantity
of fuel or electricity consumed, overall consumption
levels will vary. If consumers do not reduce their
demand in direct proportion to price increases,
then the level of consumption is relatively un-
responsive or inelastic to demand.

(3) Operating characteristics. The manner in which
energy-utilizing systems are operated has consider-
able effect upon energy consumption. If residents
turn off lights, turn down thermostats, and use
appliances less, energy savings will result. If
drivers use other available forms of transportation
or combine and shorten trips, consumption levels
may decrease; and if offices reduce the amount of
lighting used, reduce air conditioning, or turn
off equipment when not in use, energy use decreases.

4
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Much consumption is determined by personal habits,
lifestyles, and administrative or maintenance pro--
cedures that may prove energy-inefficient.

(4) Structural characteristics. How buildings are con-
structed and infrastructure networks designed will
also affect the level of energy consumption, both
in the use of materials which require energy in
their production, and in the characteristics of
the building or network itself.

(5) Institutional factors. The manner in which systems
~ combine influences the level of consumption. If
legal requirements, financial and real estate in-
stitutions, governmental regqulations, or other
factors interrelate in such a way as to prevent or
reinforce certain actions, then there is potential
leverage for altering levels of consumption.

(6) Technological options. Use of available or developing
technologies will have a large impact on levels of
consumption, from both the supply and demand sides.

If additional sources of energy become available
through new technologies, then consumption will be
altered in turn. If more efficient technologies are
found for residential, transportation, or commercial/
industrial/institutional end uses, then consumption
will be reduced.

The pattern of consumption by end-use sector in metropolitan
Washington is summarized in Table 3-2, below. The largest single
use of energy is for space heating, with almost 30 perceﬁt of
tqtal energy consumed when residential and commercial/industrial/
instituﬁional sectors are comhined. The second most important
end use is passenger transéoftation,'which includes both private
automobiles and public transit systems. It is noteworthy to com-
pare'the breakdbwn of énergy use by sector between national sta-
tistics and the meterolitan Washington area. On a nationwide
basis, residential uses consume approximately 15 percent of total
energy; industrial and commercial uses consume 60 percent; and

transportation consumes about 25 percent. The major difference
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Table 3~2
Energy Consumption by End Use Sector
In Metropolitan Washington, 1973

(in 1012 Btu/yr.)

. Residential » ' 10128ty percent
Space Heating | 83.2 13.3
Water Heating 43.7 7.0 .
Air Conditioning 29.5 | 4,7
_Process (Lighting, Appllances) 35.1 5.6
Sub-Total, Residential 191.5%* 30.6

Commercial/Industrial/Institutional
Space Heating : 101.0 16.1
Water Heating 3.7
Alir Conditioning ' l8:7 i.ﬁ
Process (Lighting, Refrigeration, )
Industrial Uses, Appllances) 127.0 2
Sub-Total, C¢/1/1° _ 250.4%* 48':‘3
Transportation
Ground-Passenger
- Ground-Freight ' l§3°§ lg'g
Alr-Total 48 ’ 6 7 ’ 8
Sub-Total, Transportation TETT jﬁéf
Total 625.3 100.0
Source: Metropolitan Washington Council of Governments
*Note: The totals for residential and commercial/in-~

dustrial/institutional uses are adjusted to
265.3 and 176.6 (in 1012 Btu) respectively to
reflect the shift of multi-family housing_into
residential; this adjustment of 73.8 X 1012 Btu

‘is carried forward through all subsequent analysis.

If the adjusted end use totals are used, the resi-
dential sector consumes about 42 percent of total
energy and the commercial/industrial/institutional
sector around 28 percent; the proportion used in
the transportation sector is unchanged.
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*lies.in the absence of a heavy industrial or manufacturing base

for the metropolitan economy. Because this heavily energy-con-

 suming sector is not found in metropolitan Washington to any

significant extent, the proportions for the other sectors are
increased. If the proportioné are examined after the necessary
adjustment for.the'éhift of multi-family housing from commercial
to residential, the residential sector éonsumes almost 42 percent
of total energy, whiie the ¢ommercial sector drops to roughly 28
percent. In éither case, the comparison with national averages
demonstrates Qhat was stated in the previous chapter about the
dominance of gov;rﬁmental, service, and institutional sectors of
eﬁployﬁent, and, hence, in areawide enérgy consumptionipatterns.
Regional totals of energy consumption are useful for under-
standing present relationships, but are too gross for use in pro-
jecting‘future energy consumption. Per-unit consumption estimates
will prove more useful, because such factors allow aggregation
that is more sensitive to likely variationé. Such factors are
also useful in themselves, for they illustrate the magnitudes and
types of differences that exist among sectors. The per-unit
factors that are used in this paper are presented in Table 3-3,

below. Their underlying assumptions and the manner in which they

were derived are described in Appendix A,



Table 3-3 -

Per Unit Factoré of
Energy Consumption

-

Annual
Consumption (in Btu)

Residential (Per Dwelljng Unit)
Single Family Detached 288.6
Single Family Attached 236.3
Walkup or Garden Apartment 172.4
High Rise Apartment : 140.0

108
10°
102
10

oK KN

(Per Employee)
Office, Including Governmental,
Institutional, and Services 57.0 x 10°
Retail Trade-Wholesale Trade 71.0 x 106
Industrial (Manufacturing, Con- 6
struction) 288.0 x 10

Transportation (Per Vehicle Mile
, Traveled)
Automobile - 9,480
Public Transit ' 45,000

Source: Real Estate Research Corporation. See
Appendix A for derivation and sources.

Commercial/Industrial/Institutional ' I

W
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CHAPTER 4

PROJECTION OF PLANNING AND DEVELOPMENT CONTEXT:
ALTERNATIVE DEVELOPMENT SCENARIOS

In vie&ing metroéolitan Washington's land use and energy
future, this énalysis begins with the assuhption that activities
that occur iﬁ the future can Be dontrolled and provided for
in advance. Tﬁus, if the currént enefgy shoftage is to be
overcome'and if long-term energy balances are to be achieved
with the simultaneous objectives of maintaining the quality |

of life, economic growth, and environmental protection, then

‘it is necessary to think through the effects of alternative

development patterns. If alternative futures can be analyzed--
futures which define the boundaries or reasonable extremes of
arrangements of future activities--for likely impacts, important
information is obtained. Through this means, it is possible to
discover the longer-term consequences of current development
pdlicies and to consider variaﬁions from them in a systematic
fashion, focusing on land use in isolation. This is the tech-

nique used in this paper for the following purposes:

° To measure in rough fashion the energy consump-
tion associated with various development scenarios,
so that energy-efficient forms of development might
be described.

° 'To identify further issues that arise from relating
energy and development policies.

°® To weigh the energy-efficient development forms
against these issues to determine the likelihood
. of conserving energy by means of land use and
growth management approaches.

° Tg explore how the process of growth'management
might be conducted to obtain some optimum level of

4-1



energy conservatlon in conjunction with other :
objectlves, in particular, to define what poli-
cies might prove useful in undertaklng and
guiding that process.

The method that was used in creating the various scenarios

i

of future growth and development was partially determined by

the avzilability of data, by the éompatibility of this task

rs

with the work program of the Council of Governmenté, and by
its usefulness in displaying pOSS1b1e varlatlons in energy con-
sumptlon.

The bulk of the design of the scenarios was undertaken by
Council of Governments staff, including the specification of
the particular growth poiicy characteristics that were varied
for analeis. It was initially assumed that the forecast year
for the development scenarioé would be 1992, and would deal
with not only the totai,levels ofjactivity at that time,’but
with the increment of growth occurring between 1976 and 1992.
The years "1976" and "1992" are used in a hypothetical sense
only. The levels of activities reported for given years in
this report are more appropriately referred to as "base year"
and "forecast yeér," whether projected activity levels are actually
realized in 1976, 1992 or in some other year, if eQer. They
do not constitute official projections of COG or any of its

member jurisdictions. The reader is cautioned that in under-

. I
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taking the analysis of alternative scenarios, the purpose is
to derive gross levels of magnitudes of difference, not to

develop or propose future allocations of activities, either on

a metropolitan, or jurisdictional, or small-area basis. Following
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are listed the criticél assumptions maintained throughout the
‘analysis:

e Total population, total number of households, and
total employment do not vary by scenario.

® Existing development in the base year remains in
place, so that base level numbers and types of ac-
tivities are carried forward to the forecast year
(see Figs. 4-1 and 4-2 for analysis areas used in
this study).

® Incremental development between the base year
and the forecast year, however, is re-arranged.
Locations, densities, and dwelling unit mixes
are allocated differently, and, similarly,
employment locations also vary--but the mix of
total employment does not vary.

® With regard to highway transportation, it is
assumed that the existing highway network is
maintained with no significant additions of
freeways or arterials (see Fig. 4-3). There is
no assessment of how capacity in the system is
utilized, but it is assumed to be adequate.

® For the forecast year the full planned 98-mile
METRO rapid rail system is assumed for all
alternatives; this means that the planned levels
of rail, feeder bus, and route-oriented bus will
be available for all scenarios (see Fig. 4-4).

The general characteristics of the scenarios are summarized
on the following table, and the detailed characteristics of
each are repofted in'Appéndix A. The alternatives may be
described ‘as follows: |

A. "Local Interpretation of 'Wedges and Corridors'

' Development,” reflecting prevailing local pol-
icies and plans as determined by local juris-
dictions.. These are often referred to in
planning parlance as "6.2 modified" projections,
having been formulated in 1972 by COG in coor-
dination with local governments.

B. '"Dense Center," reflecting a higher density,
more concentrated configuration with emphasis
on the metropclitan center.
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C. "Balanced Communities in Corridors Oriented to
"~ METRO Station Impact Areas," where new house-

holds and new jobs are located in a radial con-

figuration along transit routes concentrated in
districts where transit stations are planned.

D. "Local Interpretation of 'Wedges and Corridors,'
With Income Balance," where differences in
median household income by district are reduced
but household and employment allocations derive
in scenario "A" are maintained. This alternative
was tested to determine the effects upon VMT
(Vehicle Miles of Travel) when household income
for all policy analysis districts falls within
the middle two quartiles of the metropolitan
household income distribution, since VMT is sen-
sitive to the longer, more frequent auto trips
generated by upper income households.

E. "Sprawl," where considerable development occurs
on the urban fringe at low densities, with non-
continguous residential configurations, New
employment on the other hand is more concentrated
in the metropolitan center, while new retail
activity is located around the Beltway.

F. "Concentrated Development Around the Beltway,"
with all new development occuring on vacant
land immediately .inside and outside the Capital
Beltway. : '

The variatiohsbamong these development scenarios are best
illustrated by relating activities--households and employment--
to area, so that density differences among the scenarios are re-
vealed. 1In the following series of fiqures (4-5 through 4-16) av-
erage household density and the.average’intensity of employment
per acre at the level of the planning analysis district are dis-
played. Differences among these alternative scenarios reported
numerically may be found in Appendix A,

Wiéh each figure, there is also associated a density gradient
(see Figures 4-17 and 4-18), which‘shows average density by ring

- for total households or employment for the forecast year. Since

=

¢ .. - - - o - - - A - -

«
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the wide ranges used on the maps §bscure some of the differences
in density, this second set of measures is also useful.

In the hduééhélé aéggity'comparisoné, ﬁh?ee alternatives
look very much the éame: "Wedges and Corridors," "Wedges

and Corridors with Income Balance," and "Sprawl." Alterna-

tive F, "Beltway-Oriented,"'is similar to these, except for

a bulge at Rings 4 and 5. The other two are very different:

the "Dense Center" alternative shows an increase in density
frbm the metropoiitén Eenter, and then a sharp decliné. The
"Transit-Oriented" alternative shows consistently'high dens-
ity from the Core to the Beltway, thgn drqps sharply. This
pattern reflects the assumpﬁion that new households are
allocated according to the number of transit stops in the policy
analysis district. Since there are more transit stops in the
inner rings, there are more new households allocated and,
therefore, highér densities as a consequence.

| vThe gfadients of employment intensity among alternatives
are similar, with some slight éhifts in slope. These dif-~
ferences directly reflect the underlying assumptions; the only
important observation to be gained from them is thé difference
in upper density. In both the "Sprawl" and "Dense Center"
alternatives, the employment intensity in the central ring is’
signifiéantly higher than the others, reflecting the assump-

tion that the major fraction of incremental employment in both

cases would be allocated to the metropolitan core.

4-9
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~Fig. 417

Forecast Year Household Density Gradients by Ring, Scenarios A-F

Forecast Year Gross Household Density Forecast Year Gross Household Density
“Wedges and Corridors,” Scenario A “Dense Center,” Scenario B
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~ Fig. 4-18

Forecast Year Employment Density Gradients by Ring, Scenarios A-F

Forecast Year Gross Employment Density rFoarecast Year Gross Employment Density
ﬁ‘ “Wedges and Corridors,” Scenario A “Dense Center,” Scenario B
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Table 4-1

Summary of Characteristics of Alternative Development Scenarios

A. General Characteristics (do not vary by scenario):

Population:
‘Households:

-Employment:

Base Increment Total
3,307,000 1,199,800 4,506,800
1,090,300 499,600 1,589,900
1,496,000 782,800 2,278,800

B. Characterlstlcs of Incremental Household and Empqument

Scenario

"Local Expression
of Wedges and Cor-
ridors"” (Scenario
A)

"Dense Center"”
(Scenario B)

"Transit~
Oriented"
(Scenario C)

(Varv bv scenario)

New Households

Allocated according
to "6.2 modified"
projections provided
by local jurisdic-
tions.

All new households
allocated inside
Beltway in propor-
tion to base year
householads.

New households -
allocated to dis-
tricts with METRO
transit stations,
weighted by the
number of stations
within districts.

New Employment

Allocated according
to "6.2 modified"
projections provided

by local ]urlsdlc-

tions.

All new employment
allocated inside
Beltway in propor-
tion to base year
employment levels.

New. employment in
retail and commer-
cial sectors allo-
cated to districts
with METRO transit
statians; new employ-
ment in industrial
and "other" allo-
cated to rings 3,

4, 5, 6 only, accord-
ing to base year
levels of activity.
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Scenario

Wedges and

Scenario D)

"Sprawl"
(Scenario E)-

"Beltway-
Oriented”
(Scenario F)

Corridors, With
Income Balance"

Table 4-1 (éontinued)

New Households

Allocated according
tos "6.2 modified"
projections but
median household
income for all
policy analysis
districts is assumed
to be in the middle
two guartiles of the
metropolitan house-
hold income distri-
bution.

200,000 new house-
holds (single-

. family) allocated

to districts out-
side Beltway
according propor-
tion of vacant land;
balance of incre-
mental households
allocated outside
ten-mile square.

Incremental house-
holds allocated to
rings 4 and 5 accord-

ing to base year pro-

portion of vacant
land. :

New Employment

Allocated according

-~ to "6.2 modified"

projections.

Incremental retail
employment allocated
between beltway and
ten-mile sgquare; all
other employment
allocated in propor-
tion to base year
employment levels
within policy analy-
sis districts.

Incremental employ-
ment allocated to
rings 4 and 5 accord-
ing to base year pro-
portion of vacant
land.

C. Housing Mix

Percent of New Housing by Type Assumed for Scenarios

Single Single
Family Family Garden or, « High-Rise
Detacihed Attached Walkup Agés;' Apts.
A. "Wedges & Corridors" 30 30 - 20 . 20
B. "Dense Center" 10 20 25 45
C. "Transit-Oriented"” 10 -30 25 35
D. "Wedges & Corridors with ‘
Income Balance" 30 30 20 20
E. "Sprawl" ‘ 45 35 15 5
F. "Beltway-Oriented” 30 35 20 15
4-25
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CHAPTER 5

" PROJECTION OF ENERGY CONSUMPTION AND FUTURE ENERGY BALANCES

a. Alternative Development Scenarios: Methodology

In calculating metropolitan energy consumption for each al-
ternative scenario, several steps were required. The calculations
are summarized according to sectors:

(1) Residential: The number of dwellings of each type

‘ (single family detached, attached, garden apartment,
and high-rise) was multiplied by the per dwelling
unit enerqgy consumption factor appropriate to that
type of unit, then totaled for the alternative.

(2)  Employment: 1In similar fashion, the number of em-
ployees by sector was multiplied by the appropriate
per-unit factor, and summed.

(3) Transportation: This sector was both an input and
an output. Transportation demand was determined by
the level and location of employment and household
activities for the forecast year. Daily and annual
vehicle miles traveled (VMT) for automobiles were
then calculated utilizing the Council of Governments'
Transportation Integrated Modelling System (TRIMS).
In addition, energy consumption of the METRO transit
system was obtained from the Washington Metropolitan
Transit Authority and added directly to the trans-
portation sector. Vehicle miles of travel (VMT)
were converted to energy consumption using average
fuel consumption factors.

b. Alternative Development Scenarios: Findings

Energy‘consumption according to development scenario is sum-
marized in Table 5-1. The results present ihteresting variations,
both in the magnitude and direction of energy use. In the resi-
dential sector, the'greatest variation is between the "Sprawl"
alternative and the "Dense Center"” alternative; the difference
amounts to nine percent of total residential energy consumption

for the forecast year. The percentage difference between the

mE - N N BN BN N N . I I BN B EE BN B . R &
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increments of the two extremes over the base year is

about 26 percent; ‘This means that for the housing units

that will be added in the metropolitan area between the base
year and the forecast year, energy consumption can be reduced
by a little over one quarter throﬁgh higher densities.

In the commercial sector, tne analysis shows no differ-
ences in either total or incremental consumption by scenario.
Since it was found that energy use in the commercial, indus-
trial; and institutional sectors--issuming the relative homo-
geneity of those sectors in the metropolitan Washington area--
does. not appear to vary with density and 1qcation, it was decided
to hold energy use attributable to these employment activitieslcon-
stant. It is recognized that this is not a completely satisfac-
toryfapproach, but it was necessitated by the lack of data in
this area. The full rationale and computation of per-unit em-
ployment consumption factors is documented in Appendix A. Since
the commercial/industrial/institutional sector is sucn a large
consumer of energy, it was included in the analysis for bookkeep~
ing purposes so that a more realistic set of metropolitan totals
might be obtained, and so fhat the degree of variation among the
alternatives might be realisticallyvdampened. It snould be noted
that the consumption levels in the base year reflect tne reaajust-
ment requiréd to remove multi-family residential from the commer-
cial sector, as was discussed previously.

'Transportation, on the other hénd, shows interesting variations

in consumption. METRO energy consumption is included, again for



bookeeping reasons, since it does not vary by scenario, but,
more importantly, to show the magnitude or difference between
public transit consumption and automobile consumption. Automobile
use of energy is eleven times greater (Btu equivalent basis) than
the use of the METRO bus and suany system. For automobile travel
in the forecast year, the maximum degree of variation in totél
distance traveled and; therefore, energy cthumed is 25 percent;
the largest difference in the increment of energy consumption is
around 113 percent. The extreme cases are "Sprawl" and “Transit-
Oriénted" development 5cenariOSu‘ Stated another way, automobile
energy consumption increases by 60.percent between the base and
fore cast years with "Sprawl” deveiopment, while with "Transit-
Oriented" development, consumptionvis increased by only about 28
percent. The difference is attributable to three factors:
shorter trip iengths, fewer tripé, and a higher level of ridership
on transit.

For total energy consumption for the metropolitan area in the
forecast year, the extent of difference is nine percent: tHe
difference among the increments alone is 31 percent. The extremes
are represented by Alternative C, "Transit-Oriented," and Alterna-
tive E, "Sprawl." It is significant that such a large amount of
variation is implied py varying land use patterns.

These conclusions, however, are only a rough meésure of the
differences. As was noted, there will be variations in the em-
prloyment sector, but it was not possible to incorporate such

variations in this analysis. In addition, there are some forms
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of ground transportation that are not included. The major con-
suming sub-sector that was omitted is truck use, since the TRIMS
.ﬁodel couid.not be used to generate truck vehicle miles in the
tihe availabie for'fhis analysis. Likewise, inter-regional trans-
portation uses’suchvas airline travel, air freight, truck freight,

and pipeline shipments are not included. School bus travel is

~ also excluded, as are motorcycles. With respect to total travel,

however, htﬁer ground transportation enérgy uses are small and
kwoﬁld not significantly alter the basic variations. The net re-
'sult of these omissions is to understate the differences in the
total ground transportation sector émong the scenarios tested.

¢. Other Options

The analysis thus far has operated under an important basic
assumption: that pfesent sources and uses of energy apply to all

scenarios, and that there are no changes except for systematic

variations in land use, dwelling unit mix, and transportation

volumes ih the}patterns of energyvconsumption for the forecast
year. That is, it was assumed that present energy availability
is continued into the future, that all future energy sources are
found in the same proportion as at present, and that no other
attempts at conservation are initiated. .This assumption was use-
ful in holding the changes between the base case and the six
scenarios constant, so that the effects of alternative development
patterns could be defermined in isolation. In fact, changes in
both sources and uses will occur over the time period. The next

section relaxes this assumption.



The following discussion explores how future energy balances
might be achieved, assuming changes in both supplies and demands.
-When future demands are met by supply, any shifts among the
sources of energy supply Willvmerely accomplish'a redistribution
of fesources. If, givenvthe same level of_consumption, one spurce
becomes scarce, anofher must be expanded to meet the demand.

Totél eﬁetgy consumétion is not reduced, but the proportiors of
supplies are reallocated. In the event supplies are not fixed

but are reduced, then{current levels of démand canno£ be met and
:consumption must be cut back as well. The case where both supplies
and demands are altered is what will likely occur. Therefore,
future energy balances will likely result from shifts in energy .
forms and corresponding‘reductions in demands.

l. Alternative Sources:

Since the focus of this paper is on energy end uses and their
relationship to land use and growth, only limited attention is
devoted to altering supplies of energy. It seems clear, however,
that shifts in sources will occur over time, although the overall
pattern of supply will likely remain largely the same:

® The use of natural gas will decline--partially because
of price rises that might be anticipated to make up
for under-pricing at present, but, more importantly,
because of scarcer supplies.

'3 The_use of coal may increase, but there will be dislo-
cations and adjustments required to use it.

® The use of petroleum products from new technologies such
as coal gasification or oil shale development will not
provide much additional fuel. There will continue to be
reliance on both foreign and domestic sources for petro-
leum products, although efforts to reduce the proportion
of foreign-supplied oil will accelerate.

«
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Use of geothermal and wind sources appears limited over
the near term although there may be some activity in this

-area by 1992. A basic question exists as to the suitabil-

ity of this metropolitan area for use of geothermal energy
at any time; the same may also be said for w1nd-prov1ded
power generation on a large scale,

Incgeased use of nuclear power appeérs likely over the
period to 1992, but the extent of this source in electric-
ity generation will not outwelgh use of conventional

_ sources.

Since electrical power is derived from other fuel sources,
there may be an increase in the proportion of electricity
out of total energy. It is very likely that electrical
energy use will grow, regardless of the sources of fuel

- for its generation.

One source that has potential impact on supply is solar

energy. It is believed that a major portion of home heat-
ing and water heating in new residences can be furnished
from solar sources, and that by 1992 traditional power
sources could be supplemented by use of scolar energy. It
must be cautioned, though, that the potential is limited
in the short-run by the amount of suitable homes in the
existing housing stock and the rate of new housing con-
struction, unless some means of retroflttlng exlstlng homes
for solar energy on a wide scale is found.

Another p0551b1e source of power is from combustion of
solid waste materials produced in the metropolitan area.
Although there may be some problems in implementing

this form as an energy source due to collection require-
ments and emissions from combustion, this may become a

. small, but significant, future source.

Conserving Options:

efforts.

The basic conclusion from the supply side is that some
changes will occur by 1992, but they will not radically alter
the pattern of energy supplies. This forces attention to the

demand .side, and necessitates consideration of conservation

Conservation has a dual dimension with respect to

energy use--in altering the present pattern of consumption so

that more efficient use of cnergy can be made, and in limiting

5-7



the rate of'growth‘of demand. Both will_help in achievingvlong-
term energy balances.

There are two ways to describe conserving options. ' The
first is to organize by eimefframe, i.e., whether the option can
be implemented immediately, in the neer—term, or in the longer-
term. The second is by manner of application, i.e,, chenges in
eperational charactefistics, structural and/or institutional
characteristics, and technological changes. Changes in habits
or lifestyles may conserve energy in the operational sense;
structural or design changes may result in better utilization of
energy:; and, as has been diseussea, application of new technolo-
gies has potential for reducing consumption.

In the residential sector conservation . may be achieved by

operational measures, such as turning down thermostats during

winter months or turning off lights when not in use. In addition,

changes in building design and specifications emphasizing use of
thermal glass, storm doors and windows, and adequate insulation

can help.

A technological possibility that exists for lerger, multi-

family complexes is the "total enewrgy" system, which is an on-site

fossil fuel-powered electricity generating plant that provides
space heat requirements by capturing waste heat from combuétion.
A possibilify for smaller'structures is use of waste heat from
furnaces without the associated electricity generating capacity.
The conserving options that will be evaluated in the residential

sector include:

‘
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K Upgrading insulation in all new homes.

e Upgrading insulation in‘all existing homes.

o Refitting hbmes ﬁith étbrm windows and'doo:s.

e Lowering thermostats 2° in winter months. |

[ Using-wéste heat from furnaces.

@ Using total energy sYstems in new multi-family structures.
In the commercial sector, wide disparities in the amount of

énergy consumed are found and are attributable to a number of

 factors. Perhaps the largest potential source of reduction is

in building operatioﬁ and maintenance practices. It has been
démonstrafed thét the amﬁunt of energy consumed can be halved by
using a number of conserving measures: adjusting air conditioning -
loads, reducing températures, rearranging cleaning schedules,
shutting off or reducing unneceésary lighting, reducing hot water
temperatﬁres in lavatories, to name a few. Structural improvements
will aiso result in reduced energy consumption. Attention to such
matters as increased insulation, proper siting and orientation to
the sun, analysis of lighting, heating, and cooling needs in rela-
tion to the work being performed, and reduction in window areas are
all possibilities.

The use of the total energy system suggested for multi-
family structures is also possible with office buildings, and

the recovery of waste heat from furnaces and refrigeration units

' may provide savings. The options that will be evaluated in the

commercial sector include:

® Reduction of glass area by 25 percent.

® Use of thermal glass.



® Reduction of lighting leﬁels by 50 percent.
- ® Use of waste heat from refrigeration units and furnaces.

Different types of conservation 6ptions exist in the trans-
portation sector. Invgeneral, the potential for redaucing energy
use is found in improving automobile mileage, improving traffic
flow, and shifting to more energy efficient modes of transporta-
tion. Measures that wili result in impfoved vehicle mileage come
from technological changes--with better engine and car design, or
from shifts in the composition of the automobile fleet. If smaller
cars displace larger, heavier ones, flee; efficiency will increase.

Automobiles and other vehicles operate more efficiently under
cruising conditions rather than during acceleration or deceleration.
To that extent, analysis‘of traffic»sysﬁems and networks to promote
smooth flows is useful. Although public transit vehicles consume
more energy per miie than automobiles, relative'efficiehcies of
public transit systems emerge when passenger-miles rathef than
vehicle-miles are used as the measure of consumption.. Therefore,
any conserving option.that will increase the level of transit
ridership or that will make riding the bus or subway competitive
~with automobile driving will consefve energy. A fourth way of re-
ducing energy consumption in the transportation sector--reducing
vehicle miles travelied-—is discussed in the follo&ing chapter.

As may be seen in Table 5-2, some of the options with the

greatest potential for energy reduction are in the transporta-
tion sector, although the percentage savings calculations are

not fully comparable with the residential and commercial options.
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The potential savings are based on reductions in total auto-
mobile travel and commuting by publiq'transit, and are not based
on the total transportation sector. This represents about 60
percent of all travel. The‘savings, therefore, are overstated,

but are'comparable with the levels of chsumption reported for

‘the alternativé scenarios;.and might be applied to them. It

should be noted that, in coﬁbination,-the potential reductions
may be greater or lesser than for single elements alone.
 In'the‘coﬁmercial sector, relatively straightforward or

simple options can have considerable impact. For instance, use

of thermal glass_can conserve 20 percent of the energy used in.

- buildings, and changes in levels of lighting, 15 percent. The

impacts that are possible in the residential sector are not as

large,'but it must be recalled that a small percentage gain in
a very largé’sector of consumption may result in considerable
savings in absolute amounts.

It should be emphasized that these estimates are not firm

and fixed quantities, and direct application to scenarios or

.~ other measures of consumption is difficult. They are, however,

useful in indicating an order of magnitude of savings that might
result, and to demonstrate that energy consumption levels can

be significantly altered by conservation practices.
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CﬁAPTER 6
| ' ENERGY AND LAND USE

In Chaéter 2, land use was defined as the process of growth
and development over time, in various locations and densities,
and invunique spatial érrangements. Energy may be seen as the
prime mover for activities‘and facilities organized by the land
use pattern. If predicted shoftaqes or shifts in sources of
supply occur, energy has a pOtentially large impact on growth,
vdeVelopment, and how land uses are organized.

The.preceainq chapter discussed the differences in energy con-
sumption among alternative‘de&élopment 9cena:ios, and variousv
conservation options suggested ways in which future energy balances
might be échieved. . This chapter will discuss a further set of

conserving options that are related to or afforded by development

patterns.

a. Alternative Scenarios:v A Closer Look

The variations of energy consumption in the residential sec-
tor are attributable to the dwelling unit mix assumptions made
for each scenario. Dwelling unit mix does not necessarily relate
to density, for it is possible to have a very large residential
sﬁructure Qith a large number of energy conserving dwelling units
occupying a very large site, or that is located in an area with
very few total dwelling units. In this case, the density of the
area would bevrelatively low, and energy consumption attributable
to smaller‘dwelling units would be low as well. There is, how—'
ever, a very stroné relatibnship between dwelling unit mix and

density. Smaller units are found at higher densities and the



- existence of smaller dwelling units at lower densities would
Ibevthe»exceptidn, not the norm. The conclusion that enérgy
use is less at higher densities seems sustainable on the basis
of dwelling unit'mix itself.

There are further aspects of higher densities, however, that

have a bearing on energy consumption. Many of these are dis-

cussed in the following section on land use arrangements. These

. arrangements can be expected to yield overall higher densities
and associated energy savings. Another relationship between en-
ergy use and density is stated in the third section of this
chapter: densities afford the use of technologies that will re-
duce énergy consumption.

A closer look at the findings from Chapter 5 in the trans-
portation sector yield further relationships between energy and
land use. In the more dense and compact configufations,less
energy was required because of shorter trip distances and higher
levels of ridership on public transportation. These differences
are noted in Table 6-1; below.k

The differences in average trip length may seem to be small,
but when extrapolated to total trips and converted to an annual
basis, small variations contribute to substantial differences in

in vehicle miles of travel (VMT). Trip lengths vary in expectedr

ways: shorter trips are found in the transit-oriented alternative

because of the availability and use of public transportation, and
because of the location of employment and housing within transit

corridors. Similarly, orientation to the Beltway in Scenario F
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result. in shorter trips, since many of the services required

by households are located there. At the opposite extreme, "Sprawl" l
- development requires not only longer trips to work, but trips l
from outlying areas to the Beltway corridor for shopping purposes

as well. ,
 The use of publicbffan5portation also presents interesting )
variations. Use of transit'for. work trips varies from l
. s
almost 34 percent in the concentrated high density central
core-oriented scenario to 22 perceﬁt for the "Beltway-Oriented"
development alternative. This means that ridership in the "Dense
Center" alternativé is about 50 percent higher than when all
new household and employment activities are placed around the

Beltway. It is interesting to note that the level of rider-

ship that could be expected with the "Beltway-Oriented” alter-

period; there is no significant increase in transit use.
Transit work {:rips to the central core in every instance
show some improvement in ridership over the base period. For
trips to the central area, the smallest improvement over base
levels of ridership occurs with 'iSprawl“, but it is closely

native is only slightly higher than the level found in the base l
grouped'with "Wedges and Corridors” and "Beltway-Oriented" devel-

, opment, These findings reflect more difficult access to transit or bet-
ter access to freeways associated with those alternatives, and less
propensity to use public transit. The highest level of public

transit use, interestingly, is with the "Income Balance" alterna-

tive, where over 60 percent of commuting trips to the Core occur

6-4



b&_public transit. Having a balance of income mix throughout

t! e metropolitan area will reduce auto VMT because high income
- households generate more and longer trips under the more typical
pattern of household'income_distribution.

In terms‘of total ehergy consumed for ﬁransportation purposes,

éhe lowest level df ehergy consumpfion is found in Alternative c,
"Tfansit—Oriented," where inCreaSed‘use of METRO is combined Qith
'éﬁérter trips because of the location of residences and employ-
ment close to METRO stations. In that form of development, the
proximity of shopping and employment<Centers-—or accessibility by
pﬁblic fransit-—reSults in a lower ievel of transportation-related
energy consumption. The “Dehsé Center" configuration shows lower
levels‘of consumption for largely the same reasons. At the opposite

extreme is "Sprawl," where longer trips and larger numbers of trips,

~ coupled with lower use of public transit, result in the highest

lével of energy consumption in the transportation sector. An inter-
mediate case occurs with the "Income Balance" alternafive where the
high level of public transit use is accompanied by relatively long
auto trip lengths;

| Tﬁese findings indicate that, with respect to the increment of
deéelopment, for_METRO and auto consumption there exists a potential
for at least 45 percent reduction in added energy requirements be-
cause of spatial configuration; in terms of total (increment + base)
development, the degree of difference is 20 percent. The potential
for energy savings, therefqre, is considerable, but it is not
without a pfice.

There may be a greater level of congestion found in the higher density



alte natives, although no direct measure of congestion was applied

- to these scenarios.

Enerqgy Consumption and Urban Form

A number df-possibilitieS‘exist in the arrangement of land
uses for energy consumptlon savings:

e The physical arrangement of facilities or the lengths

of networks in general may relate to energy savings
in three ways: (1) in reducing the amounts of ma-

terials and energy consumed in the construction of
urban systems; (2) in arranging activities so that

less travel is required in carrying them out; and

(3) in the relationships amona uses so that activities
may not only be carried out over less distance, but

with more efficiency as well.

For example, it has been demonstrated that more com-

pact and contiquous development results in less re-

source expenditure for sewer and water lines, high-

ways, and other investments. The energy embodied in

the creation or manufacture of materials used in con-
structing these facilities would then be less. Similarly,.
as less material is required with more compact develop-

ment, the energy required for construction and installa-
tion will be less as well.

With respect to the operating aspects of contiguous
development forms, there are also potential energy
savings. If school bus routes or police and fire
patrol areas are more compact, the enerqgy required for
such activities are likewise reduced. Maintenance

of streets and roads, and solid waste pick-up should
also prove more energy-efficient.

- There are a number of land use alternatives that may
encourage energy conservation. - Such development
patterns are usually considered innovative, but are
becoming more common. Cluster housing with smaller
lots and common open space embodies potential energy
savings; likewise, industrial parks can be shown

to reduce energy consumption. Large-scale multi-
use complexes should also be energy—-efficient, since
multiple activities can be accomplished in a single
trip. If employment, retail, and recreational uses
are coupled with residential uses, for example, sav-.
-ings could result.

b
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'@ Two examples of land use configurations that have

energy saving potential are the planned unit de-
velopment and the planned new community. With either
of these, a number of techniques mentioned previously
might be combined--including cluster housing and:
multi-use complexes. The potential for savings is,
‘however, dependent upon the location of the develop-
ment. If the project is far from an urban center

and considerable travel is involved outside the
planned development, then the savings internally will
be substantially offset. If the project is closer to

‘other activities, then the savings potential is much-

greater. A new-town-in~town, therefore, would have
excellent prospects for contributing to energy con-
servation.

Some questions of urban form become relevant. The
configuration of shopping facilities--whether center
or strip--may add to or subtract from potential en-
ergy savings. The differences in energy consumption
associated with the two forms are not clear, for al-
though there are a larger number of stops at lower
speeds required for strip shopping, center shopping
may be located at greater distances from home and re-
quire longer trip lengths.

If greater orlentatlon to public transportatlon is
achieved, then several other questions of urban form
must be considered. Concentrating development around
transit systems implies that development will occur

‘only within the immediate vicinity of the transit net-

work itself. It might be suggested that the true area
of influence would be the area covered by feeder sys-
tems--whether private automobiles or buses.

If this pattern should become prevalent, its poten-

tial might be enhanced by the location of major em-
ployment, retail, and industrial uses at the junc-
tions of transit corridors. This pattern also

implies that relatively less development will occur
between the corridors and the potential will exist for
preserving such areas for open space or low-density
uses.

There are clear implications for land values and
changes in development activities with alternative
urban forms. There would certainly be in-filling

of passed-over lands closer to transportation systems
and nearer major employment and retail centers. There
would also be less intense pressure on farther-re-
moved areas--unless lower land costs outweigh
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potentially higher energy costs. It has been suggested
that the redevelopment of inner core areas might re-
sult from energy shortages, but this is difficult to
predict, since a number of other factors impinge upon
this possmblllty. Clearly there would be greater pres-
sure on underutilized areas close to transportation
facllltles.v :

'Enerqgy Conservatlon Opportunltles

There is another class of energy savings resultlng from the

relationship between energy and land use.

or combinations of density and location occur, opportunities for

energy conservation may be found that would otherwise not be

possible. Most of these opportunities take advantage of avail-

able conservation technologies that would not be possible at

today's relatively low densities.

that could arise from the interaction of density and configuration:

- The use of solar energy may be aided or hindered

by higher densities. There seems to be a maximum
size of structure that can utilize solar energy,
because as a bulldlng increases in volume and,

therefore, has greater heating or coollng require-
ments, the available surface area is less in propor-
tion to the volume. With surface-to-size ratios
limiting the amount of energy that can be produced,
above certain densities solar energy has limited possi-
bilities. On the other hand, if land surrounding

the facility is available, then solar collectors

might be placed on the ground rather than on the

. structure and more energy could be captured.

The same arguments might be raised with regard to wind
power. Fairly large installations are regquired to pro-
duce adequate amounts of power, which would apparently
preclude the widespread use of such devices at higher
densities. A commonly discussed approach to this
problem is to create windmill "farms" with a full net-
work used to distribute energy to users. Since this
would entail converting mechanical energy into elec-
trical energy, the efficiencies of the process might
not be particularly worthwhile.

When certain densities

Following are some opportunities

!
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There are technologies that rely directly on higher
densities. The most immediate example is improved

 public transportation, for without household and em-

ployment activities in adequate concentrations, the
level of ridership might not warrant such service.

Another example of how higher densities open up op-
portunities for energy savings is the use of "total
energy” systems. In many applications of this con-
cept, the electricity generating plant with waste
heat recovery capacity is located within the complex
or development itself. This means that unless a cer-
tain size is obtained, the potential for such systems
may not be realized. Furthermore, if total energy
systems are used with multi-use complexes, the peak
loads for energy from the uses will be smoothed and
the plant may operate more efficiently. o

The relationship of the total energy system to

density is strengthened when the total energy sys-

tem is coupled with combustion of solid waste derived
fuel from the complex as a fuel source. The relation-
ship to density occurs because such systems are not
linked to existing power generating stations, but may
operate independently and at a smaller scale; however,

it is necessary to have a certain threshold size before
it becomes feasible, and, therefore, a requisite density.

It is possible to extend the total energy system
application a step further by combining an "integrated
utility system" in which a total energy system with
solid waste combustion is combined with waste-water
treatment. If the integrated utility system is used
on a modular basis, then economies arise from locating

_it at certain densities.

A final possibility is a variation of the previous op-
portunities. Not all solid waste is combustible and

‘a portion may be recycled for use, providing a suitable

user is found and costs of delivering the useable ma-
terial are not prohibitive. If the potential users of
recycled materials-—-aluminum, glass, ferrous metals--
are located near the recycling plant, then transporta-
tion costs are low. In order to take advantage of this
possibility, the locational arrangements must be grouped.
Perhaps the greatest potential exists in industrial parks,
where internally generated wastes are used by various

" manufacturers within the complex.



¢. Energy Efficient Development Patterns

It is now necessary to define energy efficient land use
.patterns. Given the same level of activities or facilities on
land, the most efficient arrangement from an energy resources
management point of view Qould bé that arraﬁgement that results

in the least aggregate consumption of energy.

(1) Residential

Residential energy efficiency is directly related
to the type of dwelling unit; variations in per dwelling
consumption will be reflected in the mixes of dwelling
units. Further, energy efficiency will be enhanced by
the opportunity to use energy-conserving technologles.
In both cases, it appears that energy efficiency is re-
lated to hlgher densities.

(2) Commerc1al/Industrlal/Institutional

In terms of structure characteristics, it is difficult
at this time to state how energy use varies with the size
and type of building. Therefore, the relationship to den-
sity and spatial arrangement is not particularly apparent,
except as part of overall land use interrelationships, as
discussed below.

(3) Transportation

Energy consumption by automobiles is directly related
to the amount of travel (VMT). Since the amount of travel,
in part, is.related to distances among destinations or links
among land uses, urban form substantially affects the
amount of energy consumed in the transportation sector.
Similarly, energy consumption is related to density, for
unless higher densities are available, some modes as al-
ternatives to the private automobile are not possible. The
relationship between transportation uses and energy effi-~
ciency, therefore, depends on both density and spatial

‘arrangements.

(4) Land Use Patterns

Energy efficiency operates here in several ways.
With contiguous development or more compact development,
less material is consumed in construction; likewise, with
shorter distances, less energy need be used for distribu-
ting goods and services. With clustered land uses, fewer

¥ % 4
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‘trips may be generated. Again, the conclusion regarding

land use efficiency for energy is inclined toward higher-

density, contiguous development--where the interrelation-

ships of uses tend to reinforce one another.

If the scenarios are re-examined once again, energy efficiency
seems to require extensive use bf-publié transportation, combin-
ing land uses into clusters and complexes, and locating activi-
ties so that less energy is expended to complete them. In con-
clusion, it must be stated that what constitutes an energy-

efficient land use pattern may not, in fact, be a desirable

pattern except from the energy perspective. There are a number

'_of additional issues that are assdciated with energy-efficient

development patterns in relation to land use and growth manage-

v ment, and these are the subject of the next chapter, where trade-.

offs between energy conservation and other factors are identified.
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CHAPTER 7

STATEMENT OF ISSUES

The previous chapters developed baseline information from
alternative development scenarios in order to measure relative
aifferences in energy consumption attributable to land use
patterns. It is now necessary to determine how that information
is ﬁséful in'the context of metropolitan growth and develop-
menf management. As was indicated in Chapter 6, energy conéer-
vation by land use means may not be a cléar choice, nor is con-
sensus guaranteed, for this resource management_mechaniém requires
substantial changes in how growth and development occur.

The following list.of'issues is not fully comprehensive. It is
intended to provoke discussion, as is the intent of this paper.
It is hoped that this list will help clarify the choices neces-
sary in planning for future levels‘of energy consumption.

°

Changes in the quality of life:

One of the clear effects of changes in energy supplies
and adaptation of new consumption levels will be in the
quality of life. It may not yet be fully predicted how
changes will occur and it is not a foregone conclusion
that the future quality of life will diminish. It may
be speculated that if energy-conserving measures are
adopted so that higher densities prevail, there may be
less privacy and more time consumed for some purposes--
including the journey to work--and perhaps a perceived

limitation to choices or opportunities available in the
future.

Changes in personal preferences:

One aspect of the change in quality of life is personal
preference and lifestyle. The desire of households for
the convenience and mobility of the private automobile,
and the prevailing dream of a single-family home on its
own land are persistent and will only be given up with

difficulty. If such preferred amenities are sacrificed

for energy considerations, then suitable substitutes
must be found.



Changes in lifestyles:

Changes in energy supplies and demands alone, and in
combination with changes in land use, may also dic-
tate changes in lifestyles. It is possible that
shorter workweeks and longer weekends might result
from the need to reduce work-related travel. It is
possible that shopping habits may change, with more
reliance on communications and pre-planning to reduce
travel and fuel consumption. Desire for some types
of recreation experiences may change, with more em-
‘phasis on local activities rather than those requir-
ing additional travel.

Changes in density and‘mobility:

Many of the effects of shortages and shifts in energy
supplies resulting in lifestylé changes will be the
consequence of changes in density and mobility. For
example, if future development is more compact, energy may
be saved, but at the expense of greater congestion and
reduced open space. If higher densities result, then

the lack of privacy will exact a price in human satis-
faction as well. Energy-conserving community develop-
ment may not necessarily be desirable or feasible in

view of other community goals.

Optimality and conflicting objectives:

If the goals of growth and development are to simultan-
eously achieve community balance, enhance economic growth
and increase productivity, maintain the environment,

and enhance overall quality of life, then the weight of
energy considerations is unclear. Energy conservation
may, in fact, rate rather low among competing objectives,
so that sub-optimal energy conservation becomes a more
realistic possibility.. :

‘Individual rights versus community rights:

One of the fundamental problems of land use and develop-
ment management is the reconciliation of individual
rights with community rights. The public interest or
welfare could be defined very narrowly to provide bene-
fits for a small group, or more widely to provide bene-
fits for a larger group. The adjustments required for
energy shortages suggest that the wider public interest
may prevail in many instances.

" Equity considerations:

The need to reconcile differences in the public inter-
est takes on a special form with respect to groups
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that generally fare less well in the use of resour-
ces and in the negotiations that determine the allo-
cation of those resources. - Lower-income groups bear

a heavier burden relative to their income for a num-
ber of costs, and energy shortages will affect them
disproportionately. Elderly individuals on fixed in-
comes cannot adapt readily to changes that might result

from changes in energy supplies, and thus may suffer
more. , . :

v

Role of government and effective leverage:

6

The question may be raised as to whether it is the
proper role of government to be concerned with energy
limitations and their potential impacts. It seems cer-
tain that governments will be involved, but the extent
or consequences of that involvement are not known.

For example, it is not known where the greatest oppor-
tunity for conservation exists. It may be that greater
leverage can be exerted by fiscal and other economic
measures by providing incentives or disincentives for
energy conservation or consumption. Or it may be that
working through market mechanisms is less effective
than direct intervention by way of regqgulation and man-
datory action. In other instances the use of adminis-
trative review may be most useful. In all likelihood,
a combination of tactics will be developed for use by
governmental units.

® Relationship to growth management:

In the coordination and process of negotiation that are
implied by growth management, the precise weight of en-
ergy constraints has not been determined. It has been
stated that energy limits can reinforce or contradict
efforts to manage future growth and development. How
energy considerations can be introduced into growth
management depends on the magnitude of future energy
dislocations and the shifts in consumption that will
take place. For example, if higher levels of mass tran-
sit use become practical for energy conservation pur-
poses, the implications for location and housing unit
mix, for transportation systems, and the delivery of
governmental services and facilities must be addressed
through the process of growth management.

2

It is possible to define more specific impacts or effects
that result from the consideration of energy as a factor in

metropolitan development. Such impacts include:

N . . Illlt L



Size of the increment of growth:

It was assumed that about one-half million households
would be added to the metropolitan area in developing
the alternative development scenarios of Chapter 4. A
significant question is whether that increment is large
enough to provide sufficient leverage to markedly in-
fluence future total energy consumption. .Since the in-
crease over present levels of population and households
is about 50 percent, the answer to that question appears
to be in the affirmative. On the other hand, if only
the increment of development is targeted in policies and
- conservation measures, then only one-third of the total
consuming sector will be affected. Therefore, it makes
sense to concentrate not only on the increment of growth,
but also existing development. This may require two
sets of strategies or techniques for reducing energy con-
sumption.

Spatial arrangements:

The relationships among land uses would certainly be
altered 'if energy-conserving measures were implemented,
and such changes would probably have positive or nega-
tive side-effects. For example, if regional shopping
centers no longer predominate, and there is a resur-
gence of neighborhood retailing, then the economic con-
sequences and the travel characteristics of regional
centers would change. Likewise, if strip commercial de-
velopment is proved to be more energy-consuming, then
some means must be found for providing the same goods
and services in other than the traffic-oriented, linear
arrangement often found at present. Furthermore, the
developmental consequences of fully integrated land use
and transportation systems have not been addressed. For
instance, planned unit developments have usually required
a substantial amount of land located on the fringe and
somewhat apart from existing development. If there is
greater orientation to public transit, then the potential
number of sites for such development might be limited,
or the size of such gites may be reduced due to the
competition for available land.

Fringe deVelopment versus center redevelopment:

It is unclear as to how shifts in energy supplies will
impact various geographic areas. Whether close-in sites
will increase in attractiveness because of shorter dis-
tances and higher densities to such a degree as to offset
the problems now associated with their redevelopment and
preservation is a relevant question. 'On the other
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hand, the impact of energy shortages on development

in the exurban fringe, characterized by considerable
distances from the center and fewer locations for
employment and retail activities, may be to reduce

the pace of development. The question, then, is whether
energy considerations will reverse the present trend

of development or simply slow it.

Development in undeveloped or mature areas:

Because energy impacts will affect the course of de-

‘velopment, there is a question of whether new develop-

ment will differ greatly from already developed areas.

It may be that along transit routes, for instance, the
areas that have already been developed will act to re-
strict any further development that might be more energy-
conserving, while in areas of vacant land .availability
the opportunity will exist for more energy-conserving
development. The reversal of present trends or patterns
of development is then possible.

Capital fécilitiesgplanning:

As part of the general relationship between growth and
development, there may be a problem in providing ade-
quate capacity in public facilities--so that capacity
is available in schools, sewer lines and treatment plants,
water treatment and distribution systems, and road

and street networks at the time population demands
arise. Efficient sizing and phasing of facilities

may be complicated or rendered impossible because

of distortions due to energy shortages. On the other
hand, if there is more emphasis on presently develop-
ed areas rather than developing areas, the invest-
ment in capital facilities might prove more efficient,
since such facilities can be used to capacity.

Jurisdictional conflicts:

If individual communities or jurisdictions take inde-
pendent measures toward conservation, the displacement

of activities that results could have unwanted side
effects. For instance, if one area adopts more strin-
gent, conservation-oriented building codes, then develop-
ment might be displaced to other areas with less strin-
gent regulations. A related question is which level of
government is appropriate to undertake energy conserva-
tion measures. It is probably the case that conservation
will require efforts by multiple units of government.

Fiscal impacts:

A number of issues relate to the potential for energy
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savingsi by use of fiscal incentives or disincentives.
- The changes in both costs and revenues can also have
hidden consequences. For example, if a tax intended

for conservation purposes is levied at one level, there
may be repercussions from others. If a tax is levied

by a local jurisdiction according to the number of auto-
mobiles owned or miles driven, and if this results in

a substantial reduction in vehicle travel, then less
revenue from motor fuel taxes will become available
- to ‘the state, which, in turn, may reduce the amount
available for distribution to local jurisdictions.

These interrelationships are complicated by the existing
arrangements among levels of government for allocating
funds. While suburban Maryland and Northern Virginia
jurisdictions receive less than they generate in state
revenues, this is not the case in the District of
Columbia. Such interworkings of the tax structures

may complicate energy-conserving measures in the Wash-
ington region and result in unforeseen impacts.

Ancther guestion with regard to fiscal impacts is the
policy toward differential taxation of existing versus
new residents. If the potential leverage for conserva-
tion lies with control over new construction and de-
velopment, then the benefits of energy conservation may
not match the burdens, and it might be argued that either

existing or new residents should share the additional
burden. '

Another question relates to large expenditures for capital
equipment that may be made obsolete by a shortage of fuel
or the creation of reasonably priced alternative sources.
The assumption of long~term municipal debt for such
facilities may be unwarranted and even wasteful.

Economic impacts: employment shifts:

In many cases, there must be some decision as to whether
energy conservation gains outweigh the disruptive effects
that such meaSures entail. If an economic activity proves
especially dependent on or directly involved with heavy
consumption of energy, and if energy supplies become
scarce, those activities may cease--ending jobs in the
short-run and forcing employment shifts in the long-run.

Economic impacts: pricing effects:

Another important issue is the potential leverage that
can be found in the pricing of energy sources. Depend-
ing on the consumption pattern and on the requirements
for energy, the potential adjustment to energy supply
changes or to policies to decrease demands for energy

& 3
N N EE s

b



W

HE R N . L

N

’

at

may be limited. That is, if the price of fuel rises
significantly, many consumers will be unable to adjust
readily. Home heating systems dependent on supplies
of natural gas or o0il cannot be converted to another
source very quickly, and price increases must be ab-
sorbed. Similarly, unless substitute transportation
is available, those households dependent on the auto-
mobile will not be able to cut back consumption in
proportion to the increase in price. There may be
some adjustment possible by economizing in numbers or
lengths of trips. The sensitivity to price under a
variety of circumstances is an uncertain phenomenon
and must be considered as an issue, for it bears upon
potential impact that any conserving measure might
have.

Environmental impacts:

There are numerous ways in which environmental im-
pacts might relate to energy use. If development
ocours at higher densities, some reductions in air
pollution on a regional scale might be achieved,

-although there would probably be increases in pol-

lution within the higher density developments.
Water quality may decline if sewage and water,
treatment facilities are overburdened. Similar-
ly, the effects of erosion and amounts of run-off
contributing to flooding are greater at higher
overall densities but may be reduced through the
the design of strategic combinations of high and
low density. This is complicated by "downstream"
effects; when the full impact of environmental
degradation does not fall only upon the source but
upon neighboring areas, too.

Another environmental problem arises from the location
of power plants. If smaller, self-contained utility
plants--as with the total energy systems--are widely
used, pollutants would be more dispersed than they would
be from relatively few large generating plants relying
on fossil fuels. They would be more concentrated

than the emissions from heating plants in individual
homes or offices. This is offset by the greater effi-
ciency in fuel use associated with on-site generation,
contrasted with conventional electricity generation

at remote plants.

A third environmental problem is the trade-off between
environmental concerns and energy consumption. Tertiary
sewage treatment requires considerably more energy for
process use, but results in much higher guality effluent.
Preservation of unique and/or historical sites might be
helped by reducing the need for or developing new sources.
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Socio-economic impacts

The fact that the burden of energy costs--either in the
present or in the future--is not necessarily borne in
proportion to the size of the group has been indicated.
It is known that upper income families tend to consume
more energy per caEita than lower income families.

It is also known that lower income groups tend to pay
more as a portion of income for energy than upper or
middle income groups. But many of the measures that
have been proposed to limit energy use have a regressive
effect in requiring lower income groups to bear a rela-
tively greater burden than other groups. If a flat-rate
increase in tax on gasoline consumption is levied, for
example, the burden will fall more heavily on lower in-
come groups because they pay a higher proportion of in-
come for energy, despite the fact that consumption by
upper income families is greater. The issue, then, is
how such unequal impacts can be minimized, so that lower
income groups and the elderly on fixed incomes do not
suffer undue burdens.

-
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_ CHAPTER 8

IMPLICATIONS FOR METROPOLITAN GROWTH AND DEVELOPMENT

a. ' Energy and Metropolitan Growth

The following économic, demographic, market, and housing

factors are significant for the future of the metropolitan Washing-

¢

T

ton area:

® There will be continued economic growth, but at a more

moderate rate. The Federal government will continue to
dominate the employment sector--both directly and through
those organizations dependent upon or oriented toward it.
The metropolitan economy will be relatively insulated

from the severe impacts observed in other metropolitan
areas, If birth rates continue to decline, the population
- level may reach some stable equilibrium. Moderate

growth is likely to continue, however.

+

© One significant trend is the continuing decline in house-
hold size. Whether average household size continues to
decline, levels off, or reverses and begins to increase,
this factor will have great impact on virtually every
aspect of growth and development. If average household.
size continues to fall, there will be changes in the types
of housing required, changesgs in lifestyles and consump=-
tion patterns, and changes in urban form and land use.
Smaller dwelling units closer to central locations could
become more attractive, for example. If, however, the
decline in average household size is only a temporary
phenomenon and part of a long cycle of family formation,
or if changes in family patterns are attributable to de-
ferring children in order to combine incomes, or because
better opportunities exist for second job-holders in the
family, then the trend could be reversed. If it is re-
versed, an entirely different set of circumstances will
prevail. Instead of a baby bust or a baby boom there may
be only a temporary "baby barricade." Speculation in
this area is difficult, but it does not seem unreasonable
to expect that a permanent change has occurred. It is
likely to result eventually, however, in a levelling off
of the rate of decline of household sizes.

L
P'el

e If population is levelling off and if there is net out-
migration, then housing demand originates largely from
two factors--a backup of demand that has persisted for
several years, and increase in the number of households
of smaller size. If, in a number of years, housing
supply catches up with demand, then housing demand
pressures--like population growth at present--may also
reach a plateau.

,
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e Several strong factors operating in the housing market
must be taken into account. The price of undeveloped
land has become a critical component in the price and
type of dwelling unit that developers can afford to
build. All other costs, except labor to some extent,
are to a large degree beyond their control.  Therefore,
the attraction of land on the fringe is very strong in
order to keep prices downh to meét a wider segment of the
potential market. Another factor seems to be the pre-
vailing distaste for higher density living among many
home-buyers. This has been overcome in some instances
by careful design and provision of amenities.

e A final factor that has had much to do with housing
choices and location is accessibility. The desire for
mobility and choice of place of employment and residence
has had much to do with the prevailing pattern of de-

velopment. So long as access could be taken for granted,

residents have ternded to make their home purchase de=-
cisions on other grounds, such as schools, type of com-
munity, and housing characteristics. Accessibility
plays a role, of course, but it has weighed less heavily
than other factors.

Energy relates to these trends and development factors in

a number of ways, some reinforcing or accelerating the trends,

and others seemingly in contradiction.

® Clear energy implications arise from shifts in sizes of
households. It has been demonstrated that there are
energy savings related to the size of housing unit. If
the trend toward smaller household size continues, then
lower. energy costs in smaller units will result in en-
ergy savings compared to previous prevailing develop-
ment patterns.

® The impacts of higher energy costs are already being
felt in the housing market. Because of substantially
higher costs for natural gas and electricity which can-
not be passed on because of rent controls, rental
properties are becoming less profitable, and the move
to condominium construction is being reinforced. A
second effect igs that there is a change from master-
metering apartments to installing individual meters,
thereby placing utility costs directly upon consumers.
A third possible effect is that mortgages may be more
difficult to obtain if utility costs are so high as to
reduce the amount of money available in family incomes
to meet mortgage payments. In addition, the costs of

malntalnlnq common areas in condominiums are rlSlnd faster

than revénues, which may put pressure upon association
budgets.
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Another housing factor is that, at a rate of two percent
increase in number of dwelling units each year, by 1990
over 45 percent of all dwelling units will have been
built after 1974. This means that energy conserving

- measures incorporated into building codes could have per-

meated almost half the existing housirg stock by that time.

It will take considerably higher energy prices, however,
to offset (1) the difference in land costs between cen-
tral and fringe locations, and (2) the desire for accessi-

. bility and mobility by automobile. The costs of producing

lower density homes closer to the core area may prove
prohibitive, so that the builder of single family homes
cannot afford to build at desired locations in tramsit
.corkridors. The expected rise in energy costs will not

be enough to prohibit the developer from building in

now undeveloped areas. Secondly, there secms to be rela-
tive price inelasticity of demand for gasoline, at least
in the near term. Consumers seem willing to pay increased
prices in order to preserve the convenience of the auto-
mobile. 1Indeed, in many fringe areas there simply is no
alternative form of transportation. Shifts in car size
and reductions in the amount of travel might be expected,
but the status of the automobile is not yet in jeopardy.
If, however, there are severe shortages of gasoline,

then accessibility by auto will become the basic deter-
minant in residential location. The freedom and mobility
afforded by the automobile would be compromised.

In terms of employment, shifts in energy use and short-
ages of supplies may result in temporary dislocations of
employment, but given the caliber and types of skills
represented in the metropclitan area's labor forces, as
well as the mobility in and out of the area for employ-
ment purposes, such changes can be accommodated. It
might even be expected that changes in energy supplies
would create more jobs.

The trend toward decentralization of jobs and the shift
of employment from the central core may, in the long run,
prove more energy efficient. If employment is located
along transit routes, there would be a two-way flow on
the system at rush hours, assuming that job opportunities
in outlying centers were filled by centrally located
residents.

If there occurs a greater shift to public transit, there
can be a comensurate shift away from public spending on
highways and automobile-related functions. Less expendi-
ture in the long run could be devoted to freeways, streets,
and parking facilities. It could also be argued that



with such nétwdrks, greater costs will be incurred be-
cause of the necessity to maintain highways as well as
public transit, unless rights-of-way are abandoned.

b. Energy and Metropolitan Growth Management

Since growth management referé to a process of monitoring and
guiding growth, the impacts of growth management are largely un-
known at this point and will emerge from the working through of
the process. -To the. extent thét energy availability serves as
a constraint on dévelopment, energy conservation seems to be one
of a numbef of concerns which should be included in growth man-
agement.

| A second type of relationship between energy use and growth
management derifes from the fact that growth management implies
a process of negotiation of trade-offs among competing objectives.
Since energy conservation may require substantial changes in
urban design and facility operation, it is clear that choices -
will have to be made, énd that negotiations of trade-offs will be
necessary. The mechanism for such choices can be supplied by
growth management efforts éerving as a forum of negotiation among
conflicting dbjeétives or purposes;

If growth management serves to aid in implementing and re-
conéiling conflicts in energy conservation, energy use can also
serve the purposes 6f metropolitan gfowth policy. That is, if
ﬁetropolitan growth policy encourages local jurisdictions to ne-
gotiate their inferests in a.metropolitah context, then areas
presently at a disadvantage will better compete by virtue of
their involvement in the process. Since many elements of energy

conservation relate differentially to portions of the metropolitan
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area, energy awareness could reinforce this aspect of growth

policy. If it cah be demonstrated that inner city areas are

' more energy-conserving because of higher densities and greater

use of public transportation,band that strengthening_innér city
functions will serve energy conservation, then a metropolitan
growth policy that will allow the central area to share in the

benefits of growth is reinforced by energy conservation. And

to the extent that growth and development occur in the central

area rather than on the suburban fringe, then there will be a re-

v,duction in overall energy deémands.

It ié‘eéséntial, thé}éfore, from fhe st#ﬁdpoiﬁt of energy
conservation that growth policy be developed at the metropolitan
level, fd: it is only on an areawide basis that transportation
systems and other major regionésefving facilities can be planned.

Incentives and disincentives in the housing market and regulations

in the commercial sector may be best developed on a cooperative,

areawide basis as well. If a single jurisdiction tries to im-

. Plement certain conserving options independently of other juris-

dictions, it may create a price or cost differential that will
work to that jurisdictionis disadvantage in comparison to compet-
ing areas.

c. Energy and Land Use

The analysis of alternative development patterns indicates
the impéct of various densities and spatial arrangements on en-
ergy conSumption. The earlier discussion of energy and land use

also identified energy-conserving 6ptions that were largely

8-5



- dependent on land use patterns in order to be implemented. The

point seems unmistakable that the arrangement and intensities

of activities and facilities can have a substantial impact on the

amount of energy consumed It is now necessary to speculate upon

what future forms development mlght take, weighing energy con-

servation agalnst‘other factors of development.

In the near-term, present patterns and trends will
largely prevail. Public preference in this metropoli-
tan area is to the automobile and the single-family
home. At present, the sentiment for detached dwell-

ing units has become dormant since a number of potential
home owners have been crowded out of the market by high
prices. 1In this case, energy considerations are en-
hanced by and reinforce a strong market current.

As the METRO system is completed, there will be a rela-
tive decrease in dependence on the automobile, but it
is expected that transit ridership levels would average
around 30 percent of total trips. It might be expected
that within reasonable proximity to transit routes
there would be some increase in densities. 1In the
mature and developed areas, it is unlikely that land
uses would .change unless land is under-utilized and

the value so low as to warrant repldcement of the ex-
isting use with a more intense use. It is conceivable
that in some areas dwelling units of low value might

be replaced by higher density units or even shopping

or office facilities, but only in the immediate
v1c1n1ty of transit stops. In undeveloped areas, there
is potential for higher density uses, but such develop-
ment will depend on available zoning, site assembly,
and availability of other public services. Again,

market forces would reinforce energy-consérving land

use,

Energy shortages or changes in supply will have

diverse impacts on areas, regardless of METRO 1ocatlons
or availability. For example, it might be expected
that central core areas in mature suburbs would have

- some potential for redevelopment with multi-family

housing. This change in land use would depend on
the particular community, but overall it is a poss-
ible impact. Within the District of Columbia,
there is potential for either restoration or pre-
servation, and the possibilities exist for major
redevelopment that can encompass and create its

own living environment. Such change will not in
all likelihood, however, alter the prospects for

8-6
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sub-marginal areas, and a renaissance of development

cannot be attributed to changes in energy gugplies
alone; other factors dominate the possibilities for
redevelopment in those areas.

In the longer-term, more extensive changes in land

use might be foreseen. There will probably be

added emphasis on transit-oriented development.

For the extent of the METRO system as it 1s now
planned, it is doubtful if additional open space be-
tween the corridors will be preserved since those
"areas are largely developed; that opportunity d9e§
exist if METRO is extended beyond its present limits,
but in order to preserve such areas, efforts must
begin now. At transit stops, higher density devel-
opment, with large multi-use complexes ?omblplng
offices, schools, retail areas, and re51dent%a1

uses are likely. Lower density residences will -

- also be present, if only by the fact of the pre-

sent pattern of development.

An interesting aspect of future land uses under
energy constraints lies in the role of transit
systems. Just as the direction, sizing and staging
of capital facilities--principally sewer and water
lines~-are now being used to control growth, and as
Interstate highways and other urban freeways con-
tributed to growth in previous decades, rail tran-
sit routes have the same potential for guiding

. growth,.

As was mentioned previously, different land uses
afford the possibilities of utilizing energy-con-
serving technologies. Clustering of uses and de-
velopment at higher intensities might be expected

"both as a function of costs in land markets and in

order to conserve energy.

Perhaps the more significant changes that result
from land use changes--and that are implicit in
energy congervation-~are alterations to present
lifestyles and patterns of energy use. It seems
apparent that technology will provide part of the
solution to energy shortages, but it is also cer-
tainly clear that changes in personal habits are

necessary, if energy balances in the long-term
are to be realized.



Possible changes that might occur include: re-

strictions on mobility and more limited use of

private vehicles; adjustments to higher density
living; shorter workweeks and longer weekends;

perhaps use of gasoline powered automobiles

for weekend trips where higher occupancies and

more efficient engine performance are possible.
This shift from a consuming ethic to a conser-

vation ethic will not be easy, but in order to

adapt to land uses that are more efficient, as

well as to reduce the accustomed levels of en-

‘ergy consumption, it will perhaps be necessary.



CHAPTER 9

POLICIES AND IMELEMENTATION}STRATEGIES

The many problemsbassociated_witu ehergy} land'uSeifand
growth management_aiso'present ﬁany opportunities for local
_gOvernments. Thisdchapter suggests howflocal jurisdictions
'mlght use thelr powers or resources to reduce energy consumptlon
This 1s not an exhaustlve catalogue of pollc1es and strategies,

but a llstxng which will 1nd1cate the types of actxvrtles-fsome '

of which are dlready found in metropolitan Washington--that might
be'undertaken;

A. Residential .

® Policy: To 1mprove the energy eff1c1ency of new and
existing structures.

1. Allow credlt ‘on property taxes for 1mprove-
‘ments to homes that. ,reduce energy : consump-
tion, so that the costs of retrofitting in-
sulation, storm windows and doors are sub-
tracted from tax bills. ' .

2. . Allow deferral of the reassessment of such .
' 1mprovements,'so that energy-conserving ex-
penditures in the home do not 1mmed1ate1y add
+. to property  taxes. . .

- 3. Create loan guarantee programs, perhaps with
' revolving funds, to assist homeowners in
borrowing the necessary money “to undertake
‘ energy-conservrng home improvements. '

4, In new re51dences, require certification as
‘ to the energy—efficiency of the structure.

5. Require developers to build accordlng to ‘en-
ergy performance speC1f1cat10ns.'

6. Modlfy zonlng regulatlons and bu11ding codes
to reduce impediments to the constructlon of
more energy-efficient structures.




® Policy: To encourage the appllcatlon of energy—conserv1ng

technologies.

Allow tax credits for investment in solar
energy, waste heat recovery, or other systems
in individual homes.

- Modify building codes and zoning regulations
to allow or mandate the application of new
technologles.. .

'Inxtlate demonstration projects to show use

" of technologies, with initial costs either .
guaranteed or subsidized by local governments
and with repayment, if the building is to be
used by a private owner.

B. ”Commercial/Institutional/Industrial

° Policy:

1.

To improve energy eff1c1ency of new and ex1st1ng
bulldlngs.

Provide tax incentives~éperhaps as a one-time.
property tax rebate, or in deferral of future
tax burdens--for appllcatlons of new technolo-

gles.

Reduce barriers of zonlng, bulldlng codes and
planning reviews required for approval of uses
or activities that are non-conforming -to com--
munity regulatlons, but that are conserving
of energy.. _ . IR

_ Analyzejand pﬁblicize studies of applications

of technologies, so that the feasibility and
steps required for implementing such changes

are known; establish and publicize administra-
‘tive procedures for projects which will dem~-
onstrate the potential for technological changes.

C. Transportation

¢ Policy:

1.

To improve the operational efficiency of auto-

‘ moblles and other vehlcles.

Improve the flow of trafflc, so. that vehicles.
can operate more smoothly with less stop-and-

go driving; measures to accomplish this would
include reVLSed tlmlng of traffic signals,
creation of one-way streets, establlshlng re-
versible lanes for peak hour flows, and 1mp051ng :
limlts upon on-street parking. '
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Require periodi¢ automobile maintenance checks
and tune-ups through state vehicle inspection
procedures.

Improve bus operatidn byballowing expanded use
of limited access express lanes on freeways.

Initiate appropriate regulatory actions to re-
duce the amount of time spent by public and
private vehicles (espec1ally delivery vehicles)
in the motor-idling mode.

To discourage use of the automobile and reduce
vehicle miles of travel.

Increase taxes on parking; if parking is pro-
vided by public .authority, increase rates.*

Limit the number of parklng spaces in central
business districts.

Levy taxes according to weight of vehicle,
number of vehicles owned, or number of miles
drlven

To encourage use of modes other than the
automobile -

Operate buses on priority lanes at rush hours;
allow higher occupancy automobiles to use such
lanes to prov1de an incentive for carpooling.

Improve public transit so that it is more
competitive with the automobile--by fare re-
ductions, park-riding facilities, improvements
in service, including route and schedule modi-
fications.

Where appropriate, encourage use of bicycles
by constructing bikeway systems; such systems

should be designed to encourage substitution
for automobile trips.

*A tax levied only in peak periods would discourage travel by
commuters, but would not dlscouraqe downtown shoppers.



'Policy:“

3.

To make quan'goods'delivery more efficient.

Take appropriate regulatory actions to re-
duce the amount of travel required for de-

‘livery of goods and services in urban areas
. by modifying routes and schedules.

" Encourage use of delivery vehicles sent out

from stores; encourage shopping by phone and
delivery by van.

Encourage clustering of pickup and delivery

.- services.

D. Land Use-Related

Policy:

1.

To reduce distances of travel and inefficiencies

in land use plans or existing patterns.

Analyze general plans and zoning maps for en-
ergy inefficiencies in transportation systems,
sewer and water systems, and other networks.

Relate land uses to one another, combinirg
uses so that fewer and shorter trips are re-

‘quired.

Encourage use of such development technigques
as new communities, planned unit developments,
industrial parks, and multi-use complexes
where both densities and reduced distances
will reduce necessity for travel and capital
investment.

Discourage non-contiguous development.

Discourage construction of public facilities
with excessive capacity.

Require energy impact analysis as part of de-
velopment review; data could be provided as
an element of the entire impact assessment
package, including analysis of alternatives.

To enhance the application of energy-conserving
technologies

Analyze feasibility of recycling solid wastes,
for materials recovery and for reccvery of the
combustible fraction as a supplementary fuel
source.
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2. Examine use of integrated utility systems to
determine necessary densities for operation,
economics of installation and use, and possible
barriers due to building codes or zoning reaqu-
lations. '

3. . In general, provide incentives through ;ower
and differential taxes for experimentation
‘with new techniques of conservation.

'@ Policy: To relate land uses to efficient forms of
' transportation.

1. As part of the planning process, coordinate
" public transit needs with employment, shop-
ping and residential uses.

2. Supplement fixed-rail systems with adequate
feeder bus systems.

3. Provide public transit in a,circumferential
as well as a radial pattern, to improve ser-
vice across the metropolitan area.

4. Review zoning, comprehensive plans, and other
land use mechanisms to reflect service levels
provided by existing and future transportation
systems. S :

5. Curtail automobile-ofiented‘transportation
facility construction, and concentrate on
public transit expenditures.

There are other areas where governmental action seems par-
ticularly useful. One such area is in the operating methods and
purchasing decisions of local governments themselves. Since
governments are major employers and consumers, they can exert
leverage over how energy is consumed. For example, if local
route-oriented services--library bookmobiles, school buses, solid
> waste collection,_police and fire patrols--~are reviewed from the
standpoint of energy conservation, energy savings might result.

Likewise, for the application of new technologies or innovative

management techniques, governments can try demonstration projects

- O ma NN WS Ny R W . N .



‘or .equire an energy conservation oriéntation froﬁ its éqppliers
or contractors..

| Many of these sdggestions rely on direct economic or fiscal
leverage in brdéi to be implemented}‘others require changes in
the administratién of regulatory powers; and still others require
a demonstrationy'ofvguidance‘or ieadership by undertaking enerqy -
conservation where other séctors might be more reluctant. .

Finally, energy considerdtions ghould be incorporated into

land use decisidné by means of the growth management mechanism.
In this prospect lies the possibility of achieving future energy
balances while simultaneously balancing economic growth, environ-
mental preservation, balanced community and other community de—.

velopment goals.
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APPENDIX A

ALTERNATIVE DEVELOPMENT SCENARIOS AND PER UNIT
' FACTORS OF ENERGY CONSUMPTION

This appendix consists of two parts: documentation and deri-
vation of per unit factors of energy consumption, and detailed
characteristics of the alternative development scenarios used in

this report.

1. Per Unit Factors of Energy Consumption

a. Residential:

The source used for per dwelling unit energy consump-
tion factbrs was Hittman Associates, Inc., Residential

- Energy Consumption: Volume III--Multi-Family Housing,
Columbia, Maryland, 1974, prepared for the Office of
Policy Development and Research, Department of Housing
and Urban Development.

This report analyzes the energy consumption character-
istics of prototypical residential structures in the
Baltimore-Washington area; it provides reliable and
useful estimates appropriate to this area.

b. Commercial/Industrial/Institutional:

The per employee factors were derived by Real Estate

Research Corporation, according to the following
assumptions:

It was assumed that, from an energy perspective, in-
stitutional uses are similar to office uses, since

. a large portion of 1nst1tut10nal employees are located
in office space.

.If Was assumed that‘the commercial sector is pre-
dominantly characterized by office employees, except
for the retail sector.

It was assumed that industrial and manufacturing .em-
ployment is small in the metropolitan area, and that
even a substantial portion of employees in this sub-
sector would occupy offices (about one-half in fact

are office workers; the balance are production
workers) .



The per employee energy factors were derived as
follows:

(1) Off1ce/Inst1tutlonal/Other was derived by multi-
plying 285,000 Btu/square foot times 200 square
feet/employee6to get 57 million Btu/cmployee
(or 57.0 X 10" )/year. Energy consumption was
adjusted to account for waste heat loss at the
plant and in transmLSSLOn of electricity.

~
Il I TR .

Source: The number of Btu's per square foot
was derived from the Preliminary Analysis of
the Metropolitan Washington Board of Trade's
Energy Use Survey, using average data for 1974.
This analysis was performed by the Metropolitan
Washington Council of Governments.

#,

Source: The number of square feet per employee
was based on interviews with the Building and
Office Managers Association and the American
Institute of Architects Research Corporation.

(2) Retail/Wholesale Trade was derived by multiply-
' ing 169,000 Btu/square foot times 420 square
feet/employee to get 71 million Btu/employee
(or 71.0 X 10°)/year. Energy consumption was
adjusted to account for energy consumed at the
power plant.

Source: The number of Btu's per square foot

was derived from Arthur D. Little, Inc.,
Residential and Commercial Energy Use Patterns,
Cambridge, Mass., 1974, prepared for the Federal
Energy Administration and the Council on Environ-
mental Quality.

Soufce:».The number of square feet per employee
was derived from the Metropolitan Washington
Council of Governments' 1975 Metropolitan Parcel
File. : :

(3) Industrial energy consumption was derived using
analyzed data obtained in a study of energy use
in the New York region to get 288 million Btu/
employee (or 288.0 X 106 )/year. Energy consumption
is adijusted to account for energy consumed at the
power plant.

an' wh oE W2 e EE Um BE By EE mm

Source: Resources for the Future and Regional Plan
Association., Inc., Regional Energy Consumption:
Second Interim Report, New York, New York, 1974.




2,

This approach to commercial/industrial/institutional energy
consumptlon was used for several reasons:

It was found that energy consumptlon did not vary
necessarily with size of building, but rather age

of structure, type of activity, and operating pro-
cedures of tenants.

It was also found that within sectors or sub-sectors
there was wide variation in the amount of energy
. consumed: . Furthermore, depending on when measures

‘of energy use were taken, there could also be wide
Avarlatlons .

There are very little data that relate energy con-
sumption to numbers of employees. There are data
relating energy to size to building, and these were
converted to the per employee basis. It was necessary
to use per employee consumption in order to utilize

the data base maintained by the Council of Govern-
ments.

.Transportation:

The per vehicle mile traveled energy-consumption factors
were derived according to the following assumptions:

(1) Energy consumption in miles per gallon for an
- average automobile in 1975 is assumed to be 13.5;
at 128,000 Btu/gallon of gasoline, this converts
to 9,481 Btu/vehicle mile traveled for automobiles.

(2) Energy consumption in miles per gallon for buses
©  is assumed to be 3.1; at 139,000 Btu/gallon of diesel

‘fuel, this converts to approximately 45,000 Btu/vehlcle

mile traveled for buses.

Source: Metropolltan Washington Council of
‘Governments.

Detailed Summary of Characteristics of Alternative Development

" Scenarios, Table A-1

-‘ - %x g h

energy consumption.

Table A-1, below, summarizes the land use activity character-

istics developed in'testing alternative growth scenarios for

For a description of these scenarios, see

Chapter 4.
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