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Abst rac t  

Recent ly ,  problems of energy supply and g r e a t l y  inc reased  energy p r i c e s  have 
in t roduced a major new concern i n t o  p lanning and p o l i c y  making a t  a l l  l e v e l s  of -. ,. -. . 
government. I n  p a r t i c u l a r ,  i t  h a s  been cl.ear t h a t  t h e  magnitude and c h a r a c t e r  of  a , 
r e g i o n ' s  energy requirements  a r e  i n t i m a t e l y  r e l a t e d  t o  t h e  s p a t i a l  c o n f i g u r a t i o n  and 
mix of land use  a c t i v i t i e s .  To t h e  degree  t o  which they can shape t h e  f u t u r e  
c o n f i g u r a t i o n s  of r e s i d e n t i a l ,  commercial, i n d u s t r i a l ,  and t r a n s p o r t a t i o n  
a c t i v i t i e s ,  l o c a l  governments and t h e i r  p lanners  must g ive  s e r i o u s  c o n s i d e r a t i o n  
t o  t h e  energy i m p l i c a t i o n s  of those  con£ i g u r a t i o n s  i n  t h e  l i g h t  of f u t u r e  
s o c i a l  g o a l s  and requirements .  

This P l a n n e r ' s  Energy Workbook d e s c r i b e s  a s e t  of procedures t h a t  can be  
used by l o c a l  p lanners  t o  c a r r y  o u t  t h e i r  own community and r e g i o n a l  energy 
ana lyses .  The cho ice  of land use  a c t i v i t y  parameters and t h e i r  r e l a t i o n  t o  
energy use  c h a r a c t e r i s t i c s  a r e  a s s o c i a t e d  wi th  t h e  normal p lanning concepts  of 
land use d e n s i t y ,  type of r e s i d e n t i a l  development, commercial f l o o r s p a c e ,  indus- 
t r i a l  s a l e s  and e m p l o p e n t ,  and shopping and work t r i p  l e n g t h s .  A t  t h e  same t ime 
t h e s e  energy r e l a t e d  i n t e n s i t y  c o e f f i c i e n t s  a r e  expressed i n  a form t h a t  permits  
t h e  a n a l y s i s  of s h o r t  term conse rva t ion  s t r a t e g i e s  such a s  t h e  r e t r o f i t  of insu la -  
t i o n  and t h e  i n t r o d u c t i o n  of new techno log ies  such a s  s o l a r  energy.  An i n t e g r a t i n g  
framework is  provided t o  c o n s t r u c t  t o t a l  community o r  a r e a  energy consumption 
p r o f i l e s  and f u t u r e  needs;  t o  examine c o m p a t i b i l i t y  between a r e a  requirements  . 
and t h e  energy s u p p l y - d i s t r i b u t i o n  system s e r v i n g  t h e  a r e a ;  and t o  e v a l u a t e  t h e  im-  
p l i c a t i o n s  f o r  energy use  of t h e  phys ica l  c o n f i g u r a t i o n  of urban, suburban and r u r a l  , 
a r e a s  inc lud ing  such elements a s  growth p o l i c y ,  d e n s i t y ,  t r a n s p o r t a t i o n  systems,  
community s e r v i c e  a r e a s ,  and t h e  des ign  and s i t i n g  of b u i l d i n g s  and communities. 

Two cases  i l l u s t r a t e  t h e  a p p l i c a t i o n  of t h e  P l a n n e r ' s  Energy Workbook. 
The Long I s l a n d  a r e a  is  r e p r e s e n t a t i v e  of major suburban reg ions  throughout t h e  
U.S. which have undergone major growth and development. A community redevelop- 
ment d e s i g n , i n  Tuscon, Arizona i s  t y p i c a l  of r a p i d  and major land use development 
w i t h i n  t h e  environs  of an  e x i s t i n g  c i t y .  Using modest and accepted community 
des ign  c o n s i d e r a t i o n s ,  energy sav ings  i n  a r e a  development of up t p  402 a r e  e s t i -  
mated, which i s  i n d i c a t i v e  of both  t h e  range of p o t e n t i a l  sav ings  and t h e  need 
t o  exp lo re  o p p o r t u n i t i e s  f o r  energy-saving community des igns .  

- iii - 



T H I S  PAGE 

W A S  INTENTIONALLY 

L E F T  BLANK 



TABLE OF CONTENTS 

Page 

I. INTRODUCTION 

A. Energy & Land Use Planning 

B. A i m  of t h e  P lanner ' s  Energy Workbook 

11. RATIONALE ' m ~  USE OP THE METHODOLOGY 5 

A. The Framework f o r  Analysis:  General Descr ip t ion  

B. Sample Problem and ' I s sues .  Addressable by 
Land Use-Energy Analysis  

111. DEVELOPING A LOCAL ENERGY CONSUMPTION PROFILE 
OF LAND USE ACTIVITIES 

A. R e s i d e n t i a l  Energy' I n t e n s i t y  ~ o e f  f i c i e n t s  
and Worksheets 

B. Commercial Energy intensity C o e f f i c i e n t s  
and VJorksheets 

C.  I n d u s t r i a l  Energy I n t e n s i t y  C o e f f i c i e n t s  
and Worksheets 

D. T ranspor ta t ion  Energy I n t e n s i t y  Coef f ic ien t s  
and Worksheets 

E. Data Sources f o r  Ver i fying Local Energy I n t e n s i t y  
C o e f f i c i e n t s  

F. .Descr ipt ion of t h e  Energy Supply-Distribution 
S-ys tern 

I V .  REG1,ON AND C Q m I T Y  T,AND USE - EMERCY AGEEECIWNT; 
TUO EXAMPLES 

A. The Long I s l a n d  Nassau-Suffolk Region 

B . A Community Redeveloprue~lt Design i n  Tucson 

V,  FINAL COMMENTS 

REFERENCES 



LIST OF TABLES 

Page 

Table 

1 

2 

3 

4 

5 
I 

6 

7 

8 

9 

Summary of Land Use Information 

Residential Energy Profile 

Typical Residential Heat ~oss/Gain Profile 

~ypical Residential Heat/~ool Load 

Residential Energy Worksheet 

Residential Region-Specific Calibration 

Com~rr . ia1  Energy Profile 

Commercial Energy Worksheet 

Industrial Energy Profile 

Energy Coefficients for Individual Industries 

Industrial Energy-Employment-Land Use by Industry Group 

Industrial-Energy-Land Use by SIC Group 

Industrial Energy Worksheet 

Transportation Energy Profile 

Transportation Energy Worksheet 

Trip Production Rates 

Trip Length 

Annual Household ElecLric Demands-1372 

Natural Gas Balance-1972 

Nassau-Suffolk Oil Balance-1912 

E3,hctrlc 3ystem Datn 

Electricity Sales by Customer Category-1972 

Fuel Mix for Electrical Generation-U.S., N.Y. State, 
and Long Island 

Regional Development Parameters 

1972 Nassau-Suffolk Residential Energy Worksheet 

1972 Nassau-Suffolk Commercial Energy Worksheet 

1972 Nassau-Suffolk Industrial Energy Worksheet 

1972 Nassau-Suffolk Transportation Energy Worksheet 

Nassau-Suffolk Energy Consumption Summary (1972) 

2000-Nassau-Suffolk Urban Sprawl Residential Energy 
Worksheet 



Page 

Table 

3 1 2000-Nassau-Suffolk Urban Sprawl Commercial 
Energy Worksheet 

2000-Nassau-Suf f o l k  Urban Sprawl I n d u s t r i a l  
Energy Worksheet 

2000-Nassau-Suf f o l k  Urban Sprawl Transpor ta t ion 
Energy Worksheet 

2000-Nassau-Suf f o l k  Corr idors ,  C l u s t e r s ,  Centers 
R e s i d e n t i a l  Energy Worksheet 

2000-Nassau-Suffolk Corr idors ,  C l u s t e r s ,  Centers 
Commercial Energy Workshcct 

2000-Nassau-Suf f o l k  Corr idors ,  C lus te r s ,  Centers 
I n d u s t r i a l  Energy Worksheet 

2000-Nassau-Suffolk Corr idors ,  C l u s t e r s ,  Centers 
Transpor ta t ion  Energy Worksheet 

Nassau-Suffolk Energy Consumption Summary-Urban 
Sprawl Scenario-Increment- (2000) 

Nassau Suf fo lk  Energy Consumption Summary-Corridors, 
C l u s t e r s  and Centers Scenario-Increment 

Current & Pro jec ted  Land Use i n  Tucson Study Area 

1975-Tucson R e s i d e n t i a l  Energy Worksheet 

1975-Tuscon R e s i d e n t i a l  Region-Specif i c  C a l i b r a t i o n  

1975 Tucson Transpor ta t ion  Energy Worksheet 

1975 Tucson Commerical Energy Worksheet 

1975 Tucson I n d u s t r i a l  Energy Worksheet 

1975 Tucson Energy P r o f i l e  

1995 Tucson Unplanned R e s i d e n t i a l  Energy Worksheet 

1995 Tucson Unplanned Transpor ta t ion  Worksheet 

1995 Tucson Planned R e s i d e n t i a l  Worksheet 

1995 Tucson Planned Transpor ta t ion  Worksheet 

A l t e r n a t i v e  Energy P r o f i l e s  i n  the Tucson Study Area 

- vii - 



LIST OF FIGURES 

Page 

Figure 

1 Land Use-Energy Analysis Framework 

2 Mean Annual Total Heating Degree Days 

3 Mean Annual Total Cooling Degree Days 

4 Residential Density and Daily Transportation Trips 

5 Trip Duration and Shopping Center Size 

h Work Trip Lengths & Distance from the Core 

-vi ii- 



I. INTRODUCTION 

A. Energy and Land Use P lann ing  

Over the p a s t  s e v e r a l  decades land use planning i n  t h e  United 

S t a t e s  has  been inf luenced by a  s h i f t i n g  s e t  of p r a c t i c a l  and a e s t h e t i c  
' 

concerns. A s  new f a c t o r s  of l o c a l  o r  n a t i o n a l  concern have come t o  t h e  f o r e ,  

a t tempts  have been made t o  incorpora te  them i n t o  des igns  f o r  t h e  development 

of new a r e a s  and a s . i n f l u e n c i n g  elements i n  zoning dec i s ions ,  t h e  planning 

of road and mass t r a n s p o r t a t i o n  systems and t h e  s i t i n g  of p u b l i c  s e r v i c e  

f a c i l i t i e s  i n  e x i s t i n g  communities.' The e x t e n t  t o  which land use planning 

was a  necessary  s o c i a l  s t r a t e g y  t o  d e a l  wi th  a  new concern a f f e c t e d  t h e  

a c c e p t a b i l i t y  of planning i t s e l f .  

Recently,  problems of energy supply and g r e a t l y  increased energy 

p r i r e s  have in t roduced a major new concern i n t o  planning and pol icy making 

a t  a l l  l e v e l s  of government. I n  p a r t i c u l a r ,  i t  has  become c l e a r  t h a t  t h e  

magnitude and charac te r  of a  r e g i o n ' s  energy requirements a r e  i n t i m a t e l y  

r e l a t e d  t o  t h e  s p a t i a l  conf igura t ion  and mix of l and  use  a c t i v i t i e s .  (1) 

To the degree t o  which they can shape t h e  f u t u r e  conf igura t ions  of r e s i -  

d e n t i a l ,  commercial, i n d u s t r i a l  and t r a n s p o r t a t i o n  a c t i v i t i e s ,  l o c a l  

governments and t h e i r  p lanners  must g ive  s e r i o u s  cons idera t ion  t o  t h e  

energy impl ica t ions  of those  conf igura t ions  i n  t h e  l i g h t  of f u t u r e  s o c i a l  

goa l s  and requirements.  Viewed from t h i s  p e r s p e c t i v e  the  new n a t i o n a l  

concern with energy e f f i c i e n c y  has  endowed t h e  p r a c t i c e  of land use planning 

w i t h  a  new importance, f o r  only through such planning can the  underlying 

s t r u c t u r a l  causes f o r  our h igh  p.nPrgy consuming ooc ic ty  be ihaiiged. 

The impact of energy supply and d i s t r i b u t i o n  a c t i v i t i e s  can a l s o  

be s t r o n g l y  a f f  ec ted  by land use  planning dec i s ions .  The requirements  f o r  

e l e c t r i c  genera t ing  s t a t i o n s ,  t ransmiss ion l i n e s ,  p o r t . f a c i l i t i e s ,  e t c , ,  a r e  

a l l  a  f u n c t i o n  of the energy requirements of t h e  region.  Furthermore, i t  

i s  fmporta.nt that they be appropri.ately ii~CegraLed i n ro  o v e r a i l  larid use 

development p a t t e r n s .  For energy producing reg ions ,  t h e  r e g u l a t i o n  of land 

use  becomes a  c e n t r a l  r e g i o n a l  concern and r e s p o n s i b i l i t y .  



Although the interdependency between land use and energy con- 

sumption has  been widely recognized a t  the f e d e r a l  l e v e l ,  comparatively 

l i t t l e  account of these r e l a t i o n s h i p s  h a s  been taken a t  the s t a t e  and 

l o c a l  level. T h i s  is due t o  two f a c t o r s .  The f i r s t  i s  t h e  h i s t o r i c a l  

l a c k  of involvement of s t a t e  and l o c a l  o f f i c i a l s  i n  d e c i s i o n s  a f f e c t i n g  

energy supply-demand systems. U t i l i t i e s  and p u b l i c  regu la to ry  agencies  

have t r a d i t i o n a l l y  borne primary r e s p o n s i b i l i t y  f o r  t h e  s i t i n g  of power 

p l a n t s ,  l o c a t i o n  of t ransmiss ion l i n e s ,  and p r i c i n g  of e l e c t r i c i t y .  

Decis ions  a t  the f e d e r a l  l e v e l  have u s u a l l y  been the  major f a c l u ~ s  i n  

determinfng energy supply,  conversion,  and end-use t echnolog~ ,es ,  and 

n a t i o n a l  p r i c e s  of e s s e n t i a l  f u e l s .  The second f a c t o r  is t h e  l a c k  of 

in fo rmat ion  and e f f c c t i v e  methods f o r  t h e  planner  t o  use  t o  b r i n g  energy 

i n t o  his set of goa l s  and c r i t e r i a .  This r e p o r t  is  intended a s  a c o n t r i -  

b u t i o n  t o  overcoming t h a t  d i f f i c u l t y .  

The i n c o r p o r a t i o n  of energy systems cons idera t ions  i n t o  t h e  

planning process  should be  viewed a s  complementing t h e  t r a d i t i o n a l  goals  

of t h e  planner-designer . Indeed, a number of s tud ies (2 )have  shown t h a t  

l and  u s e  p a t t e r n s  which a r e  designed t o  reduce energy con sump ti or^ can work 

t o  s a t i s f y  non-energy r e l a t e d  planning program o b j e c t i v e s  inc lud ing  t h e  

more e f f e c t i v e  u t i l i z a t i o n  of open space,  t h e  i n t e r s p e r s i o n  of r e s i d e n t i a l ,  

commercial, and i n d u s t r i a l  a c t i v i t i e s ,  and rhe sh i f r :  ul: passellge1 t r a n s p o r t a  

t i o n  t o  mass t r a n s i t  modes. Thus, from a nuuLer ul: perspec t ives ,  i t  i o  

important  t o  provide land use p lanners  and des igners  wi th  a means o t  address- 

i n g  energy ques t ions  and concerns i n  t h e i r  planning and des ign  process  and 

in the d e c i s i o n s  and choices  they f a c e  i n  eva lua t ing  op t ions  f o r  community 

and r e g i o n a l  development. 

This p l a n n e r ' s  Energy Workbook i s  based on a s tudy  funded by t h e  

O f f i c e  of Conservation and Environment of t h e  Federa l  Energy Adminis t ra t ion 

on Land U s e  and Energy U t i l i z a t i o n  and c a r r i e d  o u t  by t h e  Energy Pol icy 

Analysis  Divis ion a t  Brookhaven Nat ional  Laboratory and t h e  l n s r i e u t e  f o r  

Urban Sciences  Research a t  the S t a t e  Univers i ty  of New York a t  Stony Brook. 

A primary o b j e c t i v e  of this p r o j e c t ,  which was s t a r t e d  i n  June of 1974, was 

t o  des ign  and v a l i d a t e  a computer model which would e l u c i d a t e  t h e  r e l a t i o n -  



s h i p s  between a v a r i e t y  of land use  c0nfiguration.s and the energy supply- 

demand system. An a d d i t i o n a l  o b j e c t i ~ e  of the study was t o  des ign a s e t  of 

procedures that could be  used by l o c a l  p lanners  t o  c a r r y  ou t  t h e i r  own 

community and reg iona l  energy analyses .  The cho ice  of land use  a c t i v i t y  

parameters u. t . i l ized i n  the model and t h e  energy workbook r e v e a l  t h i s  

i n t e n t .  For example, energy use  c h a r a c t e r i s t i c s  a r e  assoc ia ted  wi th  t h e  

normal p lanning concepts of land use d e n s i t y ,  type of r e s i d e n t i a l  develop- 

ment, commercial f loorspace ,  i n d u s t r i a l  s a l e s  and employment and shopping 

and work t r i p  l eng ths .  A t  the  same t ime, t h e s e  energy r e l a t e d  i n t e n s i t y  

c o e f f i c i e n t s  a r e  expressed i n  a form t h a t  permi.ts the  a n a l y s i s  of shor t -  

t e r m  conservat ion s t r a t e g i e s  such a s  t h e  r e t r o f i t  of i n s u l a t i o n  and t h e  

i n t r o d u c t i o n  of new energy technologies .  F i n a l l y ,  an i n t e g r a t i n g  framework 

i s  necessary  t o  cons t ruc t  t o t a l  community o r  a r e a  energy consumption pro- 

f i l e s  and f u t u r e  needs;  t o  examine compat ib i l i ty  between a r e a  requirements 

and the energy supply-distribution'systems s e r v i n g  t h e  a r e a ;  and t o  e v a l u a t e  

the impl ica t ions  f o r  energy use  of t h e  phys ica l  conf igura t ion  of urban, 

suburban, and r u r a l  a r e a s  inc lud ing  such elements a s  growth p o l i c y ,  d e n s i t y ,  

t r a n s p o r t a t i o n  systems, community s e r v i c e  a r e a s ,  and t h e  des ign and s i t i n g  

of b u i l d i n g s  and communities. 

B. Aim.of P lanner ' s  Energy Workbook 

This  workbook has  been designed t o  p r e s e n t  a s t ra igh t fo rward  s e t  

of c a l c u l a t i o n a l  procedures and worksheets which planners  and des igners  can 

use  t o  c a r r y  ou t  t h e i r  own eva lua t ion  of a l t e r n a t i v e  land use planning and 

design programs. It desc r ibes  t h e  s t r u c t u r e  of t h e  methodology f o r  r e l a t i n g  

energy u t i l i o a t i c s t ~  t o  land use a c ~ l v l t y  l e v e l s  and conf igura t ions  f o r  each 

major end-use s e c t o r .  These a r e  expressed i n  terms r e l a t e d  t o  such f a c t o r s  

a s  l o c a l  c l imate ,  d i s t a n c e  from urban core ,  and u t i l i z a t i o n  of e x i s t i n g  

technologies .  An i n t e g r a t i n g  worksheet format is provided t o  s i m p l i f y  t h e  

u s e  of energy-land use  des ign c r i t e r i a  and t o  e s t i m a t e  energy consump t i o n  

p r u S L l u  f o r  rhe a r e a  i n  ques t ion .  Examples a r e  provided t o  i l l u s t r a t e  

the t rade-of f s  i n  terms of a l t e r n a t i v e  uses  of land i n  bo th  urban and suburban 

s e t t i n g s .  The v e r s i o n  presented here, though based on a more d e t a i l e d  r e p o r t  

i s sued  by t h e  BNL/SUNY Land Use-Energy U t i l i z a t i o n  P r o j e c t ,  does n o t  r e q u i r e  



t h e  u s e  of computers, A more s o p h i s t i c a t e d  y e r s i o n  of the model is  a v a i l a b l e  

however, which may b e  used t o  reduce t h e  problems a s s o c i a t e d  w i t h  d a t a  

s t o r a g e  and manipula t ion,  and t o  ease the cons ide ra t ion  of the complex 

i n t e r - p l a y  between d i f f e r e n t  p a t t e r n s  of land use  development and t h e  l o c a l  

energy system. (3 



11. KATIONALE AND USE OF THE METHODOLOGY 

The planning framework, o r  model, on which t h e  procedures i n  t h i s  

workbook a r e  based was designed a s  a means of r e v e a l i n g  t h e  in terdependencies  

between t h e  reg iona l  and/or community growth development parameters and the  

l o c a l  and r e g i o n a l  energy supply-demand system. It provides an i n t e g r a t e d  

p i c t u r e  of t h e  manner i n  which t h e  b a s i c  development goa l s  of t h e  geographic 

a r e a  i n  ques t ion  such a s  populat ion,  employment and i n d u s t r i a l  s a l e s ,  d r i v e  

energy f u e l  demands. The model u t i l i z e s  a n  energy-variant  of t h e  Lowry Land 

use model(4) t o  t r a n s l a t e  developmental t a r g e t s  and design program o b j e c t i v e s  

i n t o  a s t a r t i n g  s e t  of land use  mixes and s p a t i a l  arrangments.  Energy in -  

t e n s i t y  f a c t o r s  a r e  employed t o  reduce the  s e t  of f u e l  s p e c i f i c  and non-fuel 

s p e c i f i c  energy demands. These energy demands, thus  generated,  a r e  coupled 

t o  a model of t h e  a r e a  energy system of supply and d i s t r i b u t i o n  which i s  

cons t ra ined  by t h e  a v a i l a b l e  energy technologies ,  f u e l  p r i c e s ,  n a t i o n a l  

s u p p l i e s ,  and environmental  impacts.  The methodology descr ibed i n  t h i s  work- 

book r e p r e s e n t s  an a t tempt  t o  s i m p l i f y  t h e  e s s e n t i a l  f e a t u r e s  of t h i s  model. 

The procadures f o r  c o l l e c t i n g ,  eva lua t ing ,  and analyzing l o c a l  d a t a  a s  des- 

c r ibed  below, inc lud ing  a l i s t i n g  of sources  of p e r t i n e n t  l o c a l  d a t a ,  a r e  

s i m i l a r  t o  t h a t  used i n  t h e  a p p l i c a t i o n  of the  more complex v e r s i o n  of t h e  

model. 

I n  c o n s t r u c t i n g  the  b a s i c  land use-energy u t i l i z a t i o n  model and 

p resen t ing  t h e  r e s u l t s  i n  an energy workbook, our approach emphasizes t h a t  

energy product ion and use  c o n s t i t u t e s  only one of numerous c o n t r i b u t i n g  

factors i n  deterudning the f h a l  form of land use  development. The purpose 

of land use  energy a n a l y s i s  i s  n o t  t o  determine energy "optimal" land use  

conf igura t ions ,  b u t  t o  a s s e s s  t h e  impact of a v a r i e t y  of des igns  and plans  

on t h e  energy system and vice-versa.  I n  c e r t a i n  cases ,  where the  supply of 

energy t o  t h e  l o c a l e  i s  e i t h e r  u n c e r t a i n  o r  i s  a s s o c i a t e d  w i t h  unwanted r i s k s  

o r  e n v i r o ~ m e n t a l  degradat ion,  our procedures a l low t h e  trade-off  between 

a l t e r n a t i v e  land use arrangements and supply op t ions  t o  be compared. ILL 

other  cases  where the  conservat ion of energy is considered t o  be a primary 

o b j e c t i v e ,  t h e  procedure enumerated h e r e  can be used t o  e s t a b l i s h  t h e  o v e r a l l  



energy budget of t h e  reg ion  i n  ques t ion .  I n  s t i l l  o ther  c a s e s ,  energy i t s e l f  

may n o t  b e  the  prime i s s u e ,  b u t  what i s  requ i red  is  simply an assessment of 

t h e  energy-environmental,implications of l and  use .  Again, our procedures 

can be  used t o  compare a l t e r n a t i v e  energy system impacts.  I n  a l l  these  cases  

however, i t  is  i m p l i c i t l y  assumed t h a t  a r e a - s p e c i f i c  economic, p o l i t i c a l ,  

a e s t h e t i c ,  and s o c i a l  elements remain t h e  fundamental d r i v i n g  f o r c e s  f o r  

l and  use  development. It i s  then t h e  i n t e n t  of t h e  energy a n a l y s i s  t o  pro- 

v i d e  a b a s i s  f o r  judging t h e  compat ib i l i ty  of t h e  f i n a l  land use  form wi th  

t h e  energy sysrem. 

There a r e  c e r t a i n  l i m i t a t i o n s  i n  our approach which a r e  important 

t o .  no te .  It i s  n o t  designed t o  be used t o  d e a l  w i t h  coiuu~unities smal le r  than 

perhaps s e v e r a l  thousand populat ion,  p a r t i c u l a r l y  when t h e s e  communities l i e  

w i t h i n  a  l a r g e r  met ropo l i t an  a r e a .  I n  such cases ,  t h e  i low of energy i n  and 

o u t  of t h e  reg ion  vis-a-vis t h e  movement of goods, s e r v i c e s ,  and. people 

p reven t s  any d e t a i l e d  energy a n a l y s i s  of l and  use  a l t e r n a t i v e s  wi thout  a  

cons idera t ion  of t h e  l a r g e r  surrounding a r e a .  The methodology is  a l s o  of 

l i m i t e d  use i n  cons ider ing  short-term, h igh ly  d e t a i l e d  ques t ions  such a s  t h e  

energy impacts of new apartment complexes o r  i n d u s t r i a l  parks .  These types  

of ana lyses  a r e  h igh ly  dependent on the s p e c i f i c  type of cons t ruc t ion  o r  

i n d u s t r i a l  processes  employed. The methods, however, show t h e  o v e r a l l  impact 

of such development on r e g i o n a l  f u e l  s u p p l i e s  and d i s t r i b u t i o n  and t h e i r  

c o m p a t i b i l i t y  w i t h  o t h e r  energy expendi tures  i n  t h e  commuriifjt. Other l i m i t a -  

t i o n s  i n  t h e  procedures a r e  der ived from t h e  wide variety of community types 

f o r  which its a p p l i c a t i o n  i s  intended.  Because t h e  no t ion  of land use  

a c t i v i t y  o r  energy i n t e n s i t y  f a c t o r s  impl ies  t h e  c h a r a c t e r i z a t i o n  of an  

aggregated c o l l e c t i o n  of i n d i v i d u a l  a c t i v i t i e s ,  they r e p r e s e n t  s t a t i s t f c a l  

averages .  A s  such,  they must be v e r i f i e d  l o c a l l y ,  p a r t i c u l a r l y  i n  cases  

where t h e  l o c a l  land use  a c t i v i t y  p r o f i l e  d e p a r t s  s i g n i f i c a n t l y  from t h e  norm. 

We d e s c r i b e  procedures f o r  t h i s  v a l i d a t i o n .  

A. The Framework f o r  Analysis:  General Descr ip t ion  

A t  t h e  c o r e  of t h e  methodology i s  t h e  framework shown i n  Figure  1 

which d i s p l a y s  t h e  land use-energy system l inkages .  A set of l and  use 

a c t i v i t i e s  which c o n s i s t  of a  d e f i n i t i o n  of t h e i r  l e v e l ,  mix, and s p a t i a l  



L A N D  USE 
ACT IV IT IES  

( level ,  mix,and 
spa t i a l  distr ibution) 

, 

TECHNOLOGY : 

ENERGY DEMANDS 
fue l  specif ic 

non- fue l  speci f ic  

Figure 1 .  Land use-energy analysis  framework. 



d i s t r i b u t i o n  f o r  t h e  a r e a  under cons idera t ion  se rves  a s  t h e  s t a r t i n g  p o i n t  

f o r  t h e  a n a l y s i s .  This may be obta ined from a  des ign o r  p lan being consider-  

ed,  an e x t r a p o l a t i o n  of c u r r e n t  t r ends ,  o r  t h e  use of a  s e t  of p r e f e r r e d  

outcomes. 

Using energy i n t e n s i t y  f a c t o r s  which a r e  based on area-wide 

average va lues  and t h e  assumed presence of s p e c i f i c  end use  energy technolo- 

g i e s  e .g .  space h e a t i n g ,  i n d u s t r i a l  processes ,  t r a n s p o r t a t i o n  v e h i c l e s ,  

t h e  s e t  of p ro jec ted  land use  a c t i v i t i e s  a r e  converted i n t o  a  s e t  of energy 

demands, some of which a r e  converted t o  c e r t a i n  f u e l s .  The d e t a i l e d  calcu- 

l a t i o n  of t h i s  conversion of land use  a c t i v i t i e s  t o  energy demand, forms the  

essence  of t h i s  workbook and i t s  procedures a r e  descr ibed i n  d e t a i l  i l l  

Chapter 111. 

The d e s c r i p t i o n  of t h e  community o r  r e g i o n a l  energy system which 

i s  coupled ( l o o s e l y  a t  t imes) t o  energy demands c o n s i s t s  of a  p ro jec ted  s e t  

of energy c a p a c i t i e s  and f u e l  requirements,  conversion f a c i l i t i e s ,  f u e l  d i s -  

t r i b u t i o n  and d e l i v e r y  systems - and, i f  a p p l i c a b l e ,  import accommodations. 

It a l s o  con ta ins  a  d e s c r i p t i o n  of the  s p e c i f i c  energy technologies  employed. 

F i n a l l y ,  i t  documents t h e  f u e l  imports i n t o  t h e  reg ion  which r e p r e s e n t s  i n  

essence  t h e  load ing  on t h e  e x t e r n a l  energy sytem. This r e p r e s e n t a t i o n  of 

t h e  r e g i o n a l  energy system which u t i l i z e s  many of t h e  procedures descr ibed 

i n  t h e  BNL~SUNY r e p o r t  - "User's Guide f o r  Regional Reference Energy Systems" (5) 

i s  deocribcd i n  Chapter 111. 

The i n i t i a l  s t e p  i n  u t i l i z i n g  t h e  procedures and d a t a  descr ibed 

i n  t h i s  workbook i s  t o  p repare  a  b a s i c  s e t  of energy and land use  d a t a  and 

informat ion a p p l i c a b l e  t o  t h e  a r e a  under cons idera t ion .  Aside from t h e  

local i n p u t  on p ro jec ted  land use a c t i v i t i e s  and supp ly-d i s t r ibu t ion  d e s c r i p t -  

o r s ,  a l l  t h e  o t h e r  t e c h n i c a l  c o e f f i c i e n t s  needed t o  assemble t h i s  d a t a  base  

a r e  provided i n  t h e  workbook i n  t h e  form of t a b l e s ,  graphs,  and c h a r t s .  I n  

c e r t a i n  cases ,  where v e r i f i c a t i o n  of t h e  t e c h n i c a l  c o e f f i c i e n t s  i s  judged t o  

be necessary ,  procedures a r e  descr ibed f o r  ca r ry ing  t h i s  o u t .  Once t h i s  bas ic  

d a t a  and informat ion base  has  been e s t a b l i s h e d  the  u s e r  can then begin t o  

e v a l u a t e  t h e  impacts of e i t h e r  land use  development on t h e  energy system o r  

t h e  r e v e r s e .  I n  a c t u a l  p r a c t i c e ,  t h e  l e v e l  of d e t a i l  needed t o  a s s e s s  t h e s e  

impacts w i l l  depend on t h e  s p e c i f i c  a p p l i c a t i o n .  



B. Sample Problems and I s s u e s  Addressable by Land Use-Energy Analysis 

There a r e  s e v e r a l  types  of problems and concerns t h a t  may be 

addressed by t h e  frameworks and d a t a  base  descr ibed i n  this r e p o r t .  

1. Developing Guidel ines  f o r  Energy-Efficient Land Use Developments: 

An i n c r e a s i n g  number of communities i n  t h e  country a r e  now acknowledg- 

i n g  t h a t  they r e q u i r e  gu ide l ines  t o  i n s u r e  t h a t  t h e  remaining develop- 

a b l e  land w i t h i n  t h e i r  ju ' r i sd ic t ion  i s  u t i l i z e d  i n  a manner t h a t  

coincides  wi th  community p re fe rences  and i n t e r e s t s .  One c o n t r i b u t i n g  

f a c t o r  t o  formulat ing such gu ide l ines  is the  e f f i c i e n t  use of energy 

i n  the management of these  community resources .  C o m n i t i e s  o r  r eg ions  

t h e r e f o r e ,  may wish t o  explore  t h e  energy u s e  p a t t e r n s  assoc ia ted  wi th  

a v a r i e t y  of p o s s i b l e  development scenar ios .  

2. Evaluat ing U t i l i t y  Demand P r o j e c t i o n s  on t h e  Basis  of Expected Trends 

i n  Community Land Use Development o r  Proposed Land Use Plans:  

C i t i z e n  and consumer p a r t i c i p a t i o n  i n  t h e  planning f o r  u t i l i t y  s i t i n g  

of new e l e c t r i c a l  generat ing s t a t i o n s  has increased s u b s t a n t i a l l y  

over t h e  p a s t  s e v e r a l  yea rs .  A s i g n i f i c a n t  p a r t  of t h e  d ia logue  

between u t i l i t y  and consQmer r e p r e s e n t a t i v e  c e n t e r s  on t h e  i n t e r p l a y  

between the  p r o j e c t i o n s  f o r  e l e c t r i c a l  demand and f u t u r e  community 

growth and development. Because of t h e  c e n t r a l  r o l e  t h a t  both  energy 

and t h e  use  of land play i n  t h e  l i f e  of t h e  community, an  a n a l y t i c a l  

t o o l  f o r  examining t h e  t r ade-of f s  between t h e  two provides a u s e f u l  

s t r u c t u r e  on which t o  base  t h e s e  d i scuss ions .  Thus, planning boards 

and/or u t i l i t i e s  may wish t o  e v a l u a t e  u t i l i t y  demand p r o j e c t i o n s  on 

t h e  b a s i s  of expected t rends  i n  l and  use development o r  s p e c i f i c a l l y  

proposed land use  p lans .  

3 .  Responing t o  Federal  and S t a t e  Energy L e g i s l a t i o n  and D i r e c t i v e s  and 

Assessing t h e i r  Land-Use Impl icat ions:  The Federal  Energy Conservation 

Act of 1976 S t i p u l a t e s  that s t a t e s  must formulate  plans  f o r  s p e c i f i c  

a c t i o n s  toge ther  wi th  suppor t ing  d a t a  bases f o r  reducing t h e  demand 

on s c a r c e  f u e l  s u p p l i e s .  Implementation of t h i s  and o t h e r  f e d e r a l  

l e g i s l a t i o n  w i l l  t ake  a number of forms. Some s t a t e s  a r e  consider ing 



t h e  enactment of l e g i s l a t i o n  which w i l l  r e q u i r e  l o c a l  Communities 

t o  compile t h e i r  c u r r e n t  energy and p ro jec ted  energy expendi ture  

i n  order  t o  a s c e r t a i n  s p e c i f i c  measures which can reduce energy 

consumption. Others a r e  i n  t h e  process  of reviewing highway con- 

s t r u c t i o n  plans  and mass t r a n s i t  s u b s i d i e s  t o  t a k e  account of t h e i r  

energy impl ica t ions .  Bui lding code r e v i s i o n s  and t a x  abatement t o  

'encourage t h e  use  of new c o n s t r u c t i o n  m a t e r i a l s ,  i n s t a l l a t i o n  of 

s o l a r  h e a t i n g  and cool ing,  and r e t r o f i t i n g  of e x i s t i n g  homes have 

been passed.  Some of rhese  s c a r e  and f e d e r a l  energy c o n s e r v a t l u ~ ~  

measures w i l l  r e q u i r e  s p e c i f i c  responses on t h e  p a r t  of l o c a l  

governments and m u n i c i p a l i t i e s .  Others w i l l  have long term impacts 

on l o c a l  land use  development p a t t e r n s .  The community o r  r e g i o n a l  

planning board,  o r  o f f i c i a t i n g  body, may t h e r e f o r e ,  wish t o  e i t h e r  

s e t  up a d a t a  base  t o  monitor community o r  reg iona l  energy consumption 

p a t t e r n s ,  a s s e s s  t h e  l i k e l y  impacts of s p e c i f i c  s t a t e  and f e d e r a l  

a c t i o n s ,  o r  t o  respond t o  s p e c i f i c  d i r e c t i v e s  by a p p r o p r i a t e  s t a t e  

agencies .  While the d e t a i l e d  approach used i n  each of t h e s e  i l l u s t r a -  

t i v e  a r e a s  w i l l  va ry ,  t h e  procedures and informat ion base  descr ibed 

i n  t h i s  workbook o f f e r  l o c a l  p lanners  a s t a r t i n g  p o i n t  f o r  t h e i r  

s tudy.  For example, i f  scenar ios  f o r  f u t u r e  development can be docu- 

mented i n  terms of even a crude approximation of t h e i r  implied- land 

use  m i x e s  and s p a t i a l  arrangement, energy i n t e n s i t y  c o e f f i c i e n t s  

c a l c u l a t e d  f o r  l o c a l  cond i t ions  and t h e  worksheets can be used t o  

es t imate  t h e i r  energy and f u e l  budgets and c o r r e l a t e  them wi th  zoning 

p o l i c i e s  i n  t h e  r e s i d e n t i a l ,  commercial, and i n d u s t r i a l  s e c t o r s .  

U t i l i t y  demand p r o j e c t i o n s  have t r a d i t i o n a l l y  not  been based 

on demands der ived  from land use  a c t i v i t y  p r o j e c t i o n s .  On t h e  o t h e r  

hand, they u s u a l l y  con ta in  a g r e a t  d e a l  of r eg ion-spec i f i c  d a t a  on 

such  th ings  a s  app l iance  s a t u r a t i o n ,  seasona l  use  of e l e c t r i c a l  space 

cond i t ion ing  dev ices ,  and t h e  e l e c t r i c a l  demands due t o  l o c a l  manu- 

f a c t u r i n g  p rocesses .  They a r e  a l s o  more s e n s i t i v e  t o  economic f a c t o r s  

which c o n t r i b u t e  t o  the f i n a l  demand. Combining land use  i n p u t  w i t h  

t h e  t r a d i t i o n a l  bases  f o r  e l e c t r i c a l  demand p r o j e c t i o n s  provides  both  

a broader d a t a  base  and a u s e f u l  format f o r  coupling t h e s e  demands 



w i t h  a  community's p re fe rence  w i t h  r e s p e c t  t o  i ts  f u t u r e  development. 

I f  access  is a v a i l a b l e  t o  l o c a l  u t i l i t y  d a t a ,  t h e  energy i n t e n s i t y  co- 

e f f i c i e n t s  can be r e f i n e d  and v a l i d a t e d  in a  more p r e c i s e  fash ion .  

One can a l s o  inc lude  b o t h  t h e  in f luence  of developing energy end-use 

technologies ,  f u e l  s u b s t i t u t i o n  p o s s i b i l i t i e s ,  and p r i c e  e l a s t i c i t i e s  

t o  imprive the es t imat ion  of f u e l  requirements.  

Although the use  of t h e  workbook f o r  responding t o  f e d e r a l  

and s t a t e  p o l i c y  is  dependent on t h e  s p e c i f i c  p o l i c y  and/or a c t i o n ,  

i n  genera l  one must augment t h e  approaches ou t l ined  above wi th  those  

used i n  analyzing impacts i n  the  i n d i v i d u a l  land use s e c t o r s ,  if 

t h e  d e s i r e d  outcome is a  d e t a i l e d  response o r  impact eva lua t ion .  

Building code modif icat ions  f o r  example, r e t r o f i t  measures, and use  

of s o l a r  technologies  a l l  w i l l  r e q u i r e  t h e  use  of engineer ing and 

a r c h i t e c t u r a l  models s e n s i t i v e  t o  energy use f a c t o r s .  P o l i c i e s  and 

l e g i s l a t i o n  o r i e n t e d  toward the highway mass t r a n s i t  s e c t o r s  w i l l  

r e q u i r e  t r a n s p o r t a t i o n  and economic models that d e a l  wi th  consumer 

choices .  I n  many cases ,  however, a  broad energy overview i s  d e s i r e d  

e i t h e r  a s  a  s t a r t i n g  p o i n t  f o r  a  more ex tens ive  d e t a i l e d  a n a l y s i s  

o r  a s  a  means of s a t i s f y i n g  s t a t e  and f e d e r a l  in fo rmat iona l  r equ i re -  

ments. 
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111. DEVELOPING A LOCAL ENERGY CONSUMPTION PROFILE 

OF LAND USE ACTIVITY 

The i n i t i a l  s t e p  i n  a t tempt ing t o  perform an energy a n a l y s i s  of 

land use development is t o  assemble an energy consumption p r o f i l e  of land use 

a c t i v i t i e s  t h a t  r e f l e c t s  both  c u r r e n t  and p ro jec ted  land use  development, l o c a l  

c l i m a t i c  and bu i ld ing  cons t ruc t ion  p r a c t i c e s ,  mix of i n d u s t r i e s ,  and t rans -  

p o r t a t i o n  use p a t t e r n s .  This p r o f i l e  c o n s i s t s  of a  s e t  of energy i n t e n s i t y  

c o e f f i c i e n t s  which express  both  t o t a l  energy end use  demand and, where poss i -  

b l e ,  f u e l  s p e c i f i c  demands. These c o e f f i c i e n t s  a r e  expressed i n  u n i t s  

t r a d i t i o n a l l y  employed by t h e  planner t o  c h a r a c t e r i z e  how land is  used.  

Once e s t a b l i s h e d ,  t h i s  s e t  of energy i n t e n s i t y  c o e f f i c i e n t s  should be viewed 

a s  comparable wi th  o ther  types  of planning design c r i t e r i a  e .g .  land use  

requirements assoc ia ted  wi th  commercial a c t i v i t i e s  o r  p o l l u t a n t  loadings  which 

accompany r e s i d e n t i a l  development. The u t i l i z a t i o n  of t h e s e  "energy des ign  

c r i t e r i a "  is  a l s o  s i m i l a r  wi th  o t h e r  types  of des ign parameters,  i . e .  j u s t  

a s  p lanners  employ such community averaged va lues  t o  e s t a b l i s h  gu ide l ines  

f o r  commercial, r e s i d e n t i a l ,  and i n d u s t r i a l  development c o n s i s t e n t  wi th  an  

e s t a b l i s h e d  s e t  of o b j e c t i v e s ,  s o  t h e  energy p r o f i l e  s e t  can be used t o  es-  

t a b l i s h  gu ide l ines  f o r  both t h e  mix and s p a t i a l  p a t t e r n s  of development of 

t h e s e  a c t i v i t i e s  which a r e  c o n s i s t e n t  wi th  a  s e t  of energy goa l s .  I n  some 

c a s e s ,  such energy gu ide l ines  w i l l  o p e r a t e  t o  a s s e s s  t h e  impact of new a r e a  

development on t o t a l  r e g i o n a l  energy needs; i n  o t h e r s ,  i t  may s t i m u l a t e  d i s -  

cuss ion l ead ing  t o  the  i n c l u s i o n  of energy conservat ion measures i n  community 

des igns .  A s  wi th  a l l  such planning design c r i t e r i a ,  t h e  energy p r o f i l e  s e t  

must be f u r t h e r  r e f i n e d  if ic i s  t o  be employed f o r . s i t e - s p e c i f i c  a r c h i t e c t u r a l  

o r  engineer ing a n a l y s i s  s i m i l a r  t o  t h a t  used t o  s a t i s f y  subd iv i s ion  s tandards  

o r  approval of s p e c i f i c ' p l a n n e d  u n i t  developments. .The r o l e  of t h e  energy 

i n t e n s i t y  c o e f f i c i e n t  p r o f i l e ,  i n  such cases ,  i s  t o  a c t  a s  a  s t a r t i n g  p o i n t  

f o r  t h e  d e t a i l e d  a n a l y s i s ;  s p e c i f i c  engineer ing models being employed t o  

assess t h e  degree of nlod5fication requ i red  i n  each i n d i v i d u a l  eva lua t ion .  



I n  dev i s ing  an  approach f o r  c o l l e c t i n g  and assembling d a t a  f o r  t h e  

energy consumption p r o f i l e ,  we have sought t o  s a t i s f y  t h e  requirement t h a t  

d a t a  normally a v a i l a b l e  t o  t h e  land use planner be u t i l i z e d  a s  b a s i c  i n p u t .  

A t  t h e  same t ime, w e  wished t o  c a t e g o r i z e  land use  a c t i v i t i e s  i n  such a  way 

t h a t  they r e f l e c t e d  t h e  e s s e n t i a l  v a r i a t i o n s  i n  energy consumption charac te r -  

i s t i c s  a r i s i n g  from d i f f e r e n t  f u n c t i o n a l  end-uses of energy and t h e  use  of 

v a r i o u s  end-use energy devices .  A f i n a l  requirement i s  t h e  need t o  dev i se  

a c l a s s i f i c a t i o n  scheme which i s  ea'sily adap tab le  t o  reg ion-spec i f i c  land 

u s e  and energy expendi ture  p a t t e r n s ,  throilgh t h e  use  of e i t h e r  engineer ing 

o r  s t a t i s t i c a l  sub-models. The f i n a l  forms we have adopted r e p r e s e n t ,  of 

course ,  a  compromise. The l e v e l  of d i saggrega t ion  of land use  a c t i v i t y  

types  i n  each energy end-use s e c t o r  has been r e s t r i c t e d  t o  only t h e  most 

energy-s ign i f i can t  c a t e g o r i e s .  Table 1 summarizes t h e  l o c a l  land use  d a t a  

r e q u i r e d .  The u n i t s  express ing t h e  l e v e l  of land-use a c t i v i t i e s  i n  each 

s e c t o r  have been chosen t o  be c o n s i s t e n t  w i t h  a v a i l a b l e  d a t a  sources .  For 

t h e  r e s i d e n t i a l  s e c t o r ,  we use t h e  dwel l ing a s  t h e  u n i t ; s q u a r e  footage is  

used i n  the  commercial s e c t o r ;  i n  t h e  i n d u s t r i a l  s e c t o r  both  d o l l a r  value- 

added and t h e  number employed a r e  used; passenger-miles o r  ton-miles i s  

adopted a s  t h e  u n i t  i n  Irle t r a n s p o r t a t i o n  s e c t o r .  Regtonal v a r i a t i o n s  i n  

t h e  energy i n t e n s i t y  c o e f f i c i e n t s  i n  t h e  r e s i d e r l ~ i a l  and cuuullercial s c c t o r c  

i n  c l i m a t i c  and bu i ld ing  cons t ruc t ion  types ,  average s i z e ,  e t c . ,  a r e  taken 

i n t o  cons idera t ion  through t h e  u t i l i z a t i u ~ ~  of enginecr ing ~ub-models.  For 

t h e  t r a n s p o r t a t t o n  seclur. ,  we employ u sub-u~odsl which nrrounts  f o r  r eg inn -  

s p e c i f i c  v a r i a t i o n s  i n  t r a v e l  p a t t e r n s  a s  they r e l a t e  t o  such t r a d i t i o n a l  

land use and economic v a r i a b l e s  a s  land use  d e n s i t y  and household income. 

Because i n d u s t r i a l  manufacturing processes  a r e  r e l a t i v e l y  unif  o>m throughout 

t h e  country,  we adopt va lues  based on nation-wide averages.  

In  t h e  s e c t i o n s  t h a t  fo l low we provide 1 )  a b r i e f  review of t h e  

primary energy consuming end-use s e r v i c e s  i n  each major land use  s e c t o r ,  

2) a d e s c r i p t i o n  of t h e  energy LntensiLy factors i n  cach oec to r  along with 

a  worksheet f o r  l o c a l  use ,  and 3) a l i s t  of l o c a l  d a t a  and in format iona l  

sources  which can be used t o  v e r i f y  t h e  l o c a l  energy i n t e n s i t y  p r o f i l e  s e t .  

For s f u r t h e r  d e s c r i p t i o n  of t h e  a n a l y s i s  which u n d e r l i e s  t h e  c a l c u l a t i o n  of 

t h e s e  energy i n t e n s i t y  c o e f f i c i e n t s  t h e  reader  i s  r e f e r r e d  t o  t h e  publica- 



t i o n s  i n  r e f e r e n c e s  l i s t e d  i n  5.  

A. R e s i d e n t i a l  Energy I n t e n s i t y  C o e f f i c i e n t s  

A s  shown i n  Table 1, r e s i d e n t i a l  dwel l ing types  have been d i s -  

aggregated i n t o  four  b a s i c  types  - s i n g l e  family  detached, a t t a c h e d ,  low-rise,  

and high-r ise .  I n  a d d i t i o n  t o  o t h e r  cons idera t ions ,  t h i s  choice  of r e s i d e n t i a l  

c a t e g o r i e s  r e f l c c t s  t h e  f a c t  t h a t  hea t ing  and a o l i n g  demands c o n s t i t u t e  t h e  

major component of r e s i d e n t i a l  energy end-use demands i n  most p a r t s  of t h e  

country.  For example, Table 2 d i s p l a y s  a breakdown of t h e  t y p i c a l  energy 

end-use demands of a t h r e e  bedroom house i n  the  Northeast  p a r t  01 t h e  

country.  Fuel consumption and approximate c o s t s  a r e  a l s o  given i n  order  t o  

f u r n i s h  a p e r s p e c t i v e  of f u e l  consumption l e v e l s  and r e l a t i v e  opera t ing  c o s t s .  

Space hea t ing  and cool ing account f o r  72% of t h e  t o t a l  energy demands. Water 

hea t ing  demands c o n s t i t u t e  15% of t o t a l  household demands; cooking, 39%; 

r e f r i g e r a t o r ,  l i g h t i n g ,  and miscellaneous appl iances  - which would inc lude  

both  major app l iances  .. washer, d r y e r ,  dishwasher, f r e e z e r . .  and minor 

appl iances  .. t e l e v i s i o n ,  h a i r  d r y e r ,  c lock  - 10%. While t h i s  breakdown of 

energy expendi tures  shows some v a r i a t i o n  from one housing type t o  ano ther ,  

s i n c e  hea t ing  and cool ing energy demands i n  general  consti tute considerably  

more than h a l f  of t h e  t o t a l  household energy use ,  i t  i s  p o s s i b l e  t o  u t i l . i z e  

engineer ing h e a t  f low equat ions  t o  modify t h e  t y p i c a l  household energy p r o f i l e  

f o r  v a r i a t i o n s  i n  s i z e ,  cons t ruc t ion  type,  and f o r  l o c a l  c l i m a t i c  cond i t ions .  

Energy flows i n t o  o r  ou t  of a b u i l d i n g  i n  the  form of h e a t  through 

leakages o r  i n f i l t r a t i o n  of a i r  i n t o  o r  ou t  of t h e  u n i t  around doors and 

windows and/or frames,  and from h e a t  flow ou t  (or  i n )  through g l a s s ,  c e i l i n g ,  

w a l l s ,  a d  f l o o r s .  I n  both  cases ,  t h e  e x t e n t  of t h e  n e t  l o s s  (or gain)  i n  

energy f o r  a given u n i t  w i l l  depend on annual h e a t i n g  and cool ing degree days 

f o r  t h e  a r e a .  It w i l l  a l s o  depend on open gap a r e a s  and on t h e  type of con- 

s t r u c t i o n  of t h e  u n i t ,  t h e  presence of i n s u l a t i o n  and storm windows and 

doors ,  and o r i e n t a t i o n  of t h e  dwel l ing u n i t  wi th  r e s p e c t  t o  p r e v a i l j n g  wind  

~ u ~ ~ d l L l o n s  and t h e  sun.  Table 3 shows h e a t  l o s s l g a i n  p r o f i l e  f o r  an average 

t h r e e  bedroom s i n g l e  family  detached dwel l ing u n i t  loca ted  i n  t h e  Northeast .  

Heating and cool ing t ransmiss ion l o s s e s  (o r  ga ins )  i n  t h e  t a b l e  a r e  expressed 

i n  annual B t u ( B r i t i s h  thermal u n i t )  demand per  degree-day. 



Sec tor  

R e s i d e n t i a l  

Commercial 

I n d u s t r i a l  

TABLE 1 

Summary of Land Use ~ n f o r m a t i o n  

Variable  Breakdown 

Dwelling Units Single-family detached 
Single-f amiJy a t t ached  (condos. ) 
Low r i s e  h a r d e n  a p t  . ,condos. ) 
High r i s e  

Floorspace 

Employment 
o r  
Do1 l a r  v a l u e  
added 

Off i c e  
R e t a i l  ma l l  
R e t a i l  s t r i p  
Other 

Light indus t ~ y  
Medium indus t r y  
Heavy i n d u s t r y  
Energy-intensive p tocess  
o r  
Standard I n d u s t r i a l  Code 

Transpor ta t ion  T r i p  genera t ion  T~ansparraLlul~  variablrn 
Tr ip  l e n g t h  determined by Households, 
Modal s p l i t  Household Income Level ,  

Dis tance from Urban Core, 
and T r a n s i t  A v a i l a b i l i t y .  



TABLE 2  

RESIDENTIAL ENERGY PROFILE 

Three-Bedroom Home i n  t h e  Northeas t  Region 

1300 square  f e e t  

5500 h e a t i n g  degree-days 

1200 cool ing degree-days 

R-7 ce i l ing/R-5 w a l l s  
1 

End Use Demand Fuel  Consumption Approx. Cost 
2  

Space Heat 77 m i l l i o n  Btu (56%) 102 ~ ~ £ 1 8 5 0  ~ a 1 1 1 8 0 0 0  Kwh $240/340/450 

C e n t r a l  air-cond. 
3  22 m i l l i o n  Btu (16%) 3200 Kwh 130 

Water Heat 18  mil l ior l  Btu (15%) 27 ~ c f / 2 O O  Gal/  5500 Kwh 541 801130 

Range 4  m i l l i o n  Btu ( 3%) 10 Mcf 1200 Kwh 48 

R e f r i g e r a t o r  

L igh t ing  

Misc. E l e c t r i c  

4  m i l l i o n  Btu 

3  m i l l i o n  Btu 

7 m i l l i o n  Btu 

4100 Kwh 160 

135 m i l l i o n  Btu 
104 thousand Btu/sq.  f  t . 

h e i g h t e d  averaged i n s u l a t i o n  va lues  of e x i s t i n g  New England housing s t o c k  a s  determined f o r  
i n t e r n a l  FEA r e p o r t  by I n s u l a t i o n  Manufacturers Assoc ia t ion .  

gas  a t  $2/Mcf (thous.  cu. f t  .) ; o i l  a t  4 0 ~ 1 G a l .  ; E l e c t r i c  a t  2 . 5 ~ 1 ~ w h  h e a t ;  and 
4~/Kwh genera l  use.  

j ~ o o m  a i r -cond i t ion ing  (two u n i t s )  would be  8 .8  m i l l i o n  Btu. 



TABLE 3 

- 
TYPICAL RESIDENTIAL HEAT LOSSIGAIN PROFILE 

Three-Bedroom Home i n  t h e  Northeas t  Region 

1300 square  feet 

5506 h e a t i n g  degree-days 

1200 con l fng  degree-days 
3 

R-7 ceil ing/R-5 w a l l s  

Loss 

Cumulative 
Btu/'day Percentage Percentage 

I n f i l t r a t i o n  3120 22 22 

Glass  3120 2 2 44 

C e i l i n g  2 880 21  6 5 

Wall  2400 1 7  8 2 

F loor  24 00 17 100 - 
TOTAL 1 3 3 2 0 ~  lno 

I 5500 h e a t i n g  degree-days = 77 m i l l i o n  Btu/yr.  

21200 coo l ing  degree-days = 25 m i l l i o n  Btu/yr.  f o r  c e n t r a l  a i r .  

Cumulative 
Percentage Percentage 

15 1 5  

15 30 

47 7 7 

1 2  8 9 

12 100 
- 
100 

3 ~ e & R h t e d  average of i n s u l a t i o n  v a l u e s  of e x i s t i n g  New England housing s tock  a s  
determined f o r  i n t e r n a l  r e p o r t  a t  FEA b y  I l~au ln tPon  M e n u f a c t l l r ~ r s  A s s ~ c i a t i o n .  



Although considerable  c a r e  i s  requ i red  i n  o rder  t o  u t i l i z e  engineer ing 

hea t  f low equat ions  t o  e s t i m a t e  annual h e a t  l o s s  and ga in  i n  i n d i v i d u a l  r e s i -  

d e n t i a l  dwel l ing u n i t s ,  f o r  t h e  purpose of es t imat ing  h e a t i n g  and coo l ing  loads.-- 

i n  order  t o  c a l c u l a t e  average r e s i d e n t i a l  energy c o e f f i c i e n t s ,  we have adopt- 

ed t h e  fol lowing s impl i fy ing  procedures.  Resu l t s  obtained from f i e l d  measure- 

ment s t u d i e s  of h e a t  l o s s  and ga in  i n  s tandard types  of s i n g l e  family  dwell- 

i n g  un i t s ( ' ) a re  used a s  t h e  s t a r t i n g  p o i n t  of a  parametr ic  a n a l y s i s  employing 

t h e  ASHRAE formulat ion of t h e  engineer ing h e a t  f low equat ions .  Parameters 

included a r e  dwel l ing type,  s i z e  and h e a t i n g  and cool ing degree  days. S t a t -  

i s t i c a l  d a t a  on housing s i z e  and cons t ruc t ion  type f o r  dwel l ing u n i t s  i n  t h e  

s i n g l e  family detached category a r e  then used t o  determine a  weighted average 

energy i n t e n s i t y  c o e f f i c i e n t  f o r  h e a t i n g  and cool ing loads  i n  t h e  region.  A 

check on t h i s  f i g u r e  is  obtained u t i l i z i n g  l o c a l  daca sources .  Heating and 

cool ing energy demands f o r  o the r  dwel l ing types  a r e  then s c a l e d  us ing  t h i s  

va lue  and us ing t h e  same parametr ic  formula and weighted regionally-averaged 

va lues  f o r  s i z e  of t h e  dwelling u n i t ,  then checked a g a i n s t  l o c a l  d a t a  sources .  

For a  s u f f i c i e n t  number of u n i t s  t h i s  approximate procedure provides  reason- 

ably  a c c u r a t e  va lues  f o r  annual hea t ing  and cool ing t o t a l  energy demands on 

a l l  four  types of dwel l ing u n i t s .  I n  t h e  event  t h a t  more a c c u r a t e  va lues  

a r e  d e s i r e d  o r  t h e  number of dwell ing u n i t s  being considered i s  l i m i t e d ,  

weighted-average va lues  f o r  each dwel l ing type should be u t i l i z e d  i n  p l a c e  

of t h e  s c a l i n g  procedures descr ibed above. Average energy demands f o r  o t h e r  - - 
than hea t ing  and coo l ing  purposes(8)for  each dwel l ing which can be es t imated 

from l o c a l  u t i l i t y  d a t a x e  then added i n  t o  o b t a i n  t h e  f i n a l  r e s i d e n t i a l  

energy i n t e n s i t y  c o e f f i c i e n t .  

R e s i d e n t i a l  Enerpy Worksheet 

To make each of t h e  procedures f o r  t h e  c a l c u l a t i o n  and v e r i f i c a t i o n  

of a l o c a l  energy i n t e n s i t y  p r o f i l e  s e t  more e x p l i c i t ,  we have prepared a  s e t  

of worksheets,  graphs,  and d a t a  sources .  Taken t o g e t h e r ,  they shn l l ld  permit  

the u s e r  t o  determine approximate va lues  f o r  l o c a l  energy i n t e n s i t y  c o e f f i -  

c i e n t s  i n  each primary land use  s e c t o r .  

Table 4 l ists h e a t i n g  and cool ing loads  i n  terms of annual Btu con- 

sumption per h e a t i n g  and cool ing degree day f o r  a s p e c i f i e d  dwel l ing u n i t  - 



TABLE 4 

TYPICAL RESIDENTIAL HEAT/COO; LOAD 

1300 squars  f e e t  
i 

15% g l z s s  (p lus  door) e r e a  

R-7 ceLlbg!R-5 w i l l  e x i s t i n g  cons t ruc t ion  
2  

R-11 ceil ing/R-7 w a l l  new cons t ruc t ion  

Ex i s t ing  Constrcct ion New Construct ion 

Eeat Cool Heat Cool 

~ t u / ' d a y  ~ t ~ / ~ d ~ ~  BtulOday Btu/'day 
0 S t u /  day p e r  sq.  f t .  ~ t u / " d a ~  p e r  s q . f t .  Bzu/Oday p e r  s q . f t .  Btu/'day_ p e r  s q . f t .  

I 
Single-Family 

h, 
o Detached 14000 10.8  22000 17.0 10300 7.9 15500 12.0 

I S ing le  Fan i ly  

Attached 10230 7 . 8  17700 13.6 7400 5.7 12500 9.6 

Low Rise  7500 5.8 11200 8 .6  5500 4.2 8100 6.2 

High Rise  4300 3.3 5700 4.4 4000 3 . 1  5500 4.2 

'percent ( g l a s s  and door) t o t a l  w a l l  a rea .  

L Weighted average. of i n s u l a t i o n  values  c8.f e x i s t i n g  New England h o u s b g  s t o c k  a s  determined 
f o r  i n t e r n a l  r eFor t  a t  PEA by Insula t icm Manufacturers Association.  



f o r  e x i s t i n g  and new r e s i d e n t i a l  cons t ruc t ion .  The va lues  given i n  t h i s  t a b l e  

a r e  t h e  b a s i s  f o r  ca r ry ing  out  t h e  remaining c a l c u l a t i o n s .  

Figures  2 and 3  show t h e  average number of hea t ing  and coo l ing  days 

i n  d i f f e r e n t  p a r t s  of t h e  U.S. When m u l t i p l i e d  by t h e  proper v a l u e  i n  Table 

4 ,  they y i e l d  t h e  annual hea t ing  and cool ing loads  f o r  s p e c i f i c  reg ion  under 

examination. Fuel consumption can then be determined us ing  e f f i c i e n c y  va lues  

given i n  t h e  t e x t .  

Table 5  p r e s e n t s  a  suggested format f o r  t h e  c a l c u l a t i o n s  i n  t h e  form 

of a  worksheet. The parameters e n t e r i n g  i n t o  t h e  ca lcua t ions  a r e  descr ibed 

below. 

Unit Demand (d) 

1. HeatlCool season ('days) ,d2: Annual average degree-days f o r  h e a t i n g  and 

cool ing seasons  may be  taken from t h e  n a t i o n a l  degree day contour maps 

(Figures  2 C 3) o r  determined from l o c a l  c l i m a t o l o g i c a l  d a t a .  

0 
HeatICool Demand (Btulyr  per  dy) ,D:  The energy requ i red  t o  h e a t  o r  cool 

a  dwel l ing u n i t  per h e a t i n g  o r  cool ing degree-day, r e s p e c t i v e l y .  The 

va lues  shown a r e  energy demands f o r  a  s tandardized dwel l ing u n i t  (1300 

sq .  f t . ,  R-7 ceil ing/R-5 wal l  i n s u l a t i o n ,  15% g l a s s  (p lus  door) a r e a ,  

wlbasement) o r  new cons t ruc t ion  taken from Table 4 .  Where dwel l ing u n i t s  

i n  t h e  reg ion  d i f f e r  s i g n i f i c a n t l y  from t h i s  s t andard ,  r eg ion-spec i f i c  

h e a t  and cool demand can be e s t a b l i s h e d  us ing the  c a l i b r a t i o n  worksheet 

which fol lows.  

3 .  Unit  Energy Demand (Btu/yr) ,E: The per-dwelling u n i t  demand f o r  energy 

i n  each end-use category,  E ' = d . ~ .  
u  

Energy Demand 

4 .  Land Use A c t i v i t y  (dwelling u n i t s ) , a :  The number of dwel l ing u n i t s  of 

each s t r u c t u r a l  type - s i n g l e  family  detached homes, a t t ached  o r  row 

houses, low r i s e  o r  garden apartment u n i t s ,  high r i s e  - which have h e a t i n g  

and a i r -cond i t ion ing  demal~ds shown; and t h e  t o t a l  number of dwel l ing u n i t s  

wi th  water h e a t ,  range,  and major and minor appl iances .  

5 .  T o t a l  Energy Demand ( ~ t u / y r ) , ~ :  The t o t a l  demand f o r  energy i n  each end 

use  category,  E=aE . 
u 



Figur3 2. Mean annual total heating degree days. 



3igure 3. Mean annual total cooling degree days. 



TABLE 5 

RESIDENTIAL EFEROY WORKSHEET 
("a"  = number Of dwell ing u n i t s )  

S i n g l e  Family 
Detached 

space h e a t  
a i r  cond. - 

c e n t r a l  
room 

S i n g l e  Family 
Attached 

space  h e a t  

I a i r  cond. - 
c e n t r a l  

h, room 
f- , Low Rise  

space h e a t  
a i r  cond. - 

c e n t r a l  
room 

Hiqt. Rise 

space h e a t  
a i r  cond. - 

c e n t r a l  
room 

Al l  Uni t s  

r a t e r  h e a t  
range 
e l e c t r i c  appl .  

Heat/ Heat/ Uni t  
C o d  Ccol, Energy 
Season Demand Demand 
( O a y s )  ( ~ t u / y r  : ~ t u / y r  

per  "am: e r  "a": 

d D 
E" 

lo6 

ENERGY DEMAND 

Land T0:al 
Use Enscqy 
A c t i v i t y  Denand 
. ( " a u )  (Btu/yr# 

a  E 

E E L  CONSUMPTION 

B tu/yr Btu/yr Btu/yr 
(f 1.03 m i l l i o n  Itu/Mcf) ( f  l a 0  thousand Btu/Gal) (L 3412 B ~ U / K W ~ )  

nc f Gallons Kwh 

Uni t  Land 
E l e c t r i c  use 

T o t a l  
E l e c t r i c  

Consump. ~ ~ t i ~ i ~ ~  Consump. 
(Btu/yr (8*an8,) (Btu/yr)  
per  "a" )  

b Fu F 

3 r i  -. I.and T o t a l  
ZLS L'se Gas 
2on3ump. R c t i v i t y  Consump. 
(Bt=/yr # " a " )  (Btu/yr) 
p e r  "a" )  

vJ 
b F 

I 

Uni t  Land . T o t a l  
Oi 1 Use O i l  
Cor.sump. A c t i v i t y  Consump. 
( ~ t u / y r  ( "a" )  (Btu/yrn 
per  " a " )  

b F  Fu 



Fuel Consumption 

6. Unit Fuel Demand(Btu/yr),F : The per-dwelling u n i t  f u e l  required t o  meet 

t h e  Unit Energy Demand (above). Fuel consumption depends upon t h e  end- 

use technology employed, such a s  conventional burners ,  h e a t  pump, e t c .  

The e f . f i c iency ,  e ,  of each technology is  t h e  r a t i o  of energy demand-to- 

f u e l  consumption. Then Fu=E /e .  u 
a .  Natural  gas technologies  have t h e  fol lowing e f f i c i e n c i e s :  

. Conventional burner 

. Gas absorp t ion  r e s i d e n t i a l  

c e n t r a l  a i r c o n d i t i o n i n g  

. Water h e a t  

. Range 

b. D i s t i l l a t e  o i l  burners  have e f f i c i e n c y  0.65 

c. E l e c t r i c  technologies  have t h e  fol lowing e f f i c i e n c e s :  

. Resis tance h e a t i n g  1.00 

. Heat pump - h e a t  . 2.00 

- cool  2.50 

. Cent ra l  a i r -cond i t ion ing  2.50 

. Fbom a i r -cond i t ion ing  2  .OO 

. Water h e a t ,  range,  appl iances  1.00 

I n  many reg ions  of t h e  country,  a l l - e l e c t r i c  homes a r e  b e t t e r  i n s u l a t e d  than 

gas o r  o i l - f i r e d  homes. To account f o r  t h i s ,  we a s s i g n  t h e  o v e r a l l  system 

e f f i c i e n c i e s  f o r  hea t ing  as :  

. E l e c t r i c  r e s i s t a n c e  

. Heat pump-heat 

7 .  Land Use A c t i v i t y  (dwelling u n i t s ) , b :  The number of dwel l ing u n i t s  which 

u t i l i z e  n a t u r a l  gas ,  d i s t i l l a t e  o i l ,  and e l e c t r i c i t y ,  r e s p e c t i v e l y ,  f o r  

t h e  end use  category.  

8. To ta l  Fuel  Consumption ' (Btu/yr) ,F:  The t o t a l  consumption of gas ,  o i l ,  and 

e l e c t r i c i t y ,  r e s p e c t i v e l y ,  i n  each end use category,  F=F 'b. 
u  



9. MCF, Gallons,  Kwh: These provide conventional measures of f u e l  con- 

sumption by t a k i n g  column t o t a l s  i n  Btu and conversion f a c t o r s  t o  in-  

digenous measures of MCF (thousand cubic  f e e t ) ,  g a l l o n s ,  and Kwh (k i lowat t  

-hours) of gas ,  o i l ,  and e l e c t r i c i t y ,  r e s p e c t i v e l y .  

For most purposes t h e  Heat/Cool Demands (D) s p e c i f i e d  i n  Table 4 a r e  s u i t a b l e  

f o r  genera l  a n a l y s i s  of energy r e s i d e n t i a l  energy consumption c h a r a c t e r i s t i c s .  

However, where housing u n i t s  d i f f e r  from t h e  s tandardized cons t ruc t ion ,  t h e  

c a l i b r a e i o n  worksl~eeL, Table 6 ,  may be used t o  c a l r i i l a t ~ .  hea t ing  and cool ing 

loads  a p p r o p r i a t e  t o  l o c a l l y  s p e c i f i e d  cond i t ions .  This t a b l e  makes use of 
0 

t h e  f a c t  t h a t  B ~ U /  dy changes between a c t u a l  dwel l ing u n i t s  and t h e  s tandard 

u n i t  def ined i n  Table 4 ,  seldom d i f f e r  by more than about 10-20% from t h e  

nominal h e a t l c o o l  demand. Each parameter i n  t h e  c a l i b r a t i o n  worksheet shown 

i n  Table 6 is def ined  a s  fol lows.  

1. Nominal Heat/Cool Demand ( ~ t u / ~ d ~ ) , ~ O :  The energy requ i red  t o  h e a t  o r  

coo l  a s t andard  dwel l ing u n i t  per  hea t ing  o r  co61ing degree  day, 

r e s p e c t i v e l y .  (1300 sq . .  f  t . , R-7 ceiling1R-5 w a l l  i n s u l a t i o n ,  15% g l a s s  

a r e a ,  wlbasement) . Values from Table 4. 

, 
2. BtulOdy pe r  "xu, b D / ~ x ;  The d i f  f c r c n t i s l  change demand f o r  a u n i t  change 

i n  s i z e  (sq .  i t . )  o r  i n s u l a t i o n  ( c e i l i n g  R-value), o r  percent  g l a s s  p lus  

door a r e a  r e l a t i v e  t o  t o t a l  w a l l  a r e a  inc lud ing  g l a s s  and doors.  

(Though ccil . i .ng R-value i s  s t a t e d  f o r  i .nsula t ion,  t h e  d i f f e r e n t i a l  v a l u e  

inc.l.udes c e i l i n g  and w a l l  i n s u l a t i o n  improvement t y p i c a l  i n  new construc- 

t i o n .  For c e i l i n g  only r e t r o f i t  e s t i m a t e s ,  use .0 .7  of the  d i f f e r e n t i a l s  

given.  To r e f l e c t  dec reas ing  h e a t  savings  a t , h i g h e r  l e v e l s  of i n s u l a t i o n ,  

use  0.7 of t h e  d i f f e r e n t i a l s  given f o r  R-value increments g r e a t e r  than 15. )  

3.  Incremental  "x1',4x: The d i f f e r e n c e  i n  s i z e ,  c e i l i n g  R-value, o r  pe rcen t  

g l a s s  ( p l u s  door) a r e a  beLween a c t u a l  dwel l ing u n i t s  and the s tandard 

dwel l ing u n i t  i f id icated above. 

4 .  Incremental  Heat/Cool Demand (Btu/Ody) ,A D: The requ i red  change i n  h e a t /  

coo l  demand.to r e f l e c t  r eg ion-spec i f i c  dwel l ing u n i t  s i z e ,  i n s u l a t i o n ,  and 

g l a s s  (p lus  door) a r e a  c o n s t r u c t i o n  parameters.  D=OD/J x)Ax 



TABLE 6 

m T  
Denand 
s t d a y  

E x r s t l n q  Stock 

(L) 
Sing l e - f ami ly  de t s ched  

14.200 
S ing l e - f ami ly  a t t a c h e d  

10 ,200  

Low R i se  7.500 

High R i se  , 4,590 

New Cons t ruc t i on  

S i n g l e  Family 
Detached 10.3DO 

S i n g l e  Family 
A t t ached  7 ,430 

Low R i se  5 ,530 

High R i se  4,030 

COOL 
Demaad 
Btu/ dy  

E x i s t i n g  Stock 

S ing l e - f ami ly  
de t ached  22,090 

S i n g l e  f ami ly  
a t t a c h e d  17.7CO 

Low R i se  l l ,ZC3 

High R i se  5,703 

New Cons t ruc t i on  

S ing l e - f ami ly  
de t ached  15,503 

S i n g l e  f ami ly  
a t t a c h e d  , 12,503 

Low R i se  8.109 

RESIDENTm REGION-SPECIFIC CALIBRATIOl7 

High R i se  5.50C- 



5. ' Cal ib ra ted  Heat/Cool Demand ( ~ t u / O d ~ )  ,D: The region-specif  i c  energy 

r e q u i r e d  t o  h e a t  o r  cool  a  dwel l ing u n i t  per  h e a t i n g  o r  cool ing degree- 

day,  r e s p e c t i v e l y .  D=DO + s (d D/b x)ax. This c a l i b r a t e d  demand is  used 
X 

i n  t h e  R e s i d e n t i a l  Energy Worksheet. See Item 2 above and Table 5 .  

B. Commercial Energy I n t e n s i t y  C o e f f i c i e n t s  

Unlike t h e  r e s i d e n t i a l  s e c t o r  which can be divided i n t o  a  l i m i t e d  

number of b u i l d i n g  types  and t h e  i n d u s t r i a l  s e c t o r  which can be c l a s s i -  

f i e d  by SIC groupings,  t h e  comurr c i a 1  s c c t o r  t r a d i t i n n a . 1 1 ~  has  u s u a l l y  

been def ined t o  inc lude  a l l  land use  a c t i v i t i e s  not included under r e s i -  

d e n t i a l  and i n d u s t r i a l  use.  This inc ludes  a  v a r i e t y  of es tabl ishments  

ranging from t h e  corner  grocery s t o r e  t o  l a r g e  o f f i c e  complexes. I n  

a d d i t i o n ,  a r c h i t e c t u r a l  des igns ,  cons t ruc t ion  m a t e r i a l s ,  and p r a c t i c e s  

i n  t h e  commercial s e c t o r  va ry  widely,  and a s  a  r e s u l t ,  bu i ld ings  which 

outwardly appear t o  be t h e  same, may i n  f a c t ,  have energy consumption 

va lues  which vary  widely.  Never theless ,  we have found t h a t  we can account 

f o r  t h e  major energy consumption d i f f e r e n c e s  i n  commercial s t r u c t u r e s  

by c l a s s i f y i n g  them according t o  t h e  a c t i v i t i e s  occur r ing  wi th in  t h e s e  

u n i t s .  Theref o r e ,  t o  e s t a b l i s h  energy i n t e n s i t y  coef f  i c i e .n t s  i n  t h e  

commercial s e c t o r ,  we have disaggregated commercial bu i ld ing  urllLs i n t o  

four  primary groups: (1) u f f i e e  b u i l d i n g s ,  (7) dispersed  r e t a i l  es-  

tabl ishments  and o t h e r  luerchandining a c t i v i t i  P.S , ( 3 )  c r l l t r a l i z e d  buoinass 

d i s t r i c t  r e t a i l  and shopping mal l s ,  and (4)  i r t l i ~ ~ '  estublichrnents inc.l.uding 

h o t e l s ,  motels ,  schoo ls ,  h o s p i t a l s ,  r e c r e a t i o n a l  f a c i l i t i e s ,  and r e l i g i o u s  

i n s t i t u t i o n s .  

The p.nergy con~umpt ion  p r o f i l e  shown i n  Table 7 i s  t y p J  r.a1 of t h a t  

fmlnrl i.n commercial o f f  i c e  space.  The percentage breakdown of energy cnd- 

use demands c l o s e l y  p a r a l l e l s  t h a t  i n  t h e  r e s i d e n t i a l  s e c t o r  wi th  t h e  

important d i f f e r e n c e  t h a t  whereas t h e  u n i t  encrgy demand i.n t h e  r e s i d e n t i a l  

s e c t o r  was 104 thousand Btu/sq.  f r . ,  i u  the coimncrclul oectnr lnnd use 

a c t i v i t i e s ,  i t  is 157 thousand B c u / s ~ .  f t .  D i r e c t  c o s t s  per  square  f o o t  

f o r  energy w i l l  be c l o s e r  t o  t h a t  found i n  t h e  r e s i d e n t i a l  s e c t o r  s i n c e  

l a r g e  commercial u s e r s  g e n e r a l l y  have s i g n i f i c a n t l y  lower energy charges  

on r a t e  schedules  i n  many a r e a s  of t h e  country .  



TABLE 7 

COMMERCIAL ENERGY PROFILE 

O f f i c e  Space i n  t h e  Northeas t  Region 

5500 h e a t i n g  degree-days 

1200 coo l ing  degree-days 

Fuel  Consumption Approx. Cost 
2 

End Use Demand , 

per  sq . f  t .  pe r  s q . f t .  

Space Heat 
1 8 3  thous Btu (53%) .12 Mcfl.9 Gal124 Kwh $ .24/ .36/ .60. 

Air-condi t ioning 42 thous Btu (27%) .04 Mcf 3.5 Kwh .08 .20 

L igh t ing  22 thous Rtu 
(20%) 

Misc. E l e c t r i c  10 thous Btu 

157 thous ~ t u / s q / f t .  

l ~ n c l u d e s  water  h e a t  . 

9.4 Kwh .38 

2 ~ a t u r a l  gas  a f  $2/Mcf ( thous .  cu .  f t . )  , O i l  a t  40c/Gal. ,  E l e c t r i c  a t  
2.5~/Kwh h e a t  and 4c/Kwh genera l  use .  



Data concerning t h e  l e v e l s  of energy usage i n  the  commercial s e c t o r  

a r e ,  i n  genera l ,  d i f f i c u l t  t o  o b t a i n .  Furthermore, when a v a i l a b l e ,  these  

d a t a  a r e  o f t e n  intermixed wi th  informat ion r e l a t i n g  t o  the  r e s i d e n t i a l  

o r  i n d u s t r i a l  s e c t o r s .  Commercial s e c t o r  energy d a t a  a l s o  comes assembled 

wi thou t  s p e c i f i c a t i o n  f o r  t h e  energy usage f o r  d i f f e r e n t  types of 

commercial e s tab l i shments ,  o r  occas iona l ly  is  a v a i l a b l e  f o r  only  one 

type of commercial e s tab l i shment .  ( l o )  A s  i n  t h e  r e s i d e n t i a l  s e c t o r  

a n a l y s i s ,  our procedure i n  es t imat ing  h e a t i n g  and coo l ing  energy demands 

makes use of eng ineer ing  des ign  c a l c u l a t i o n s .  To e v a l u a t e  t h e  r e l a t i v e  

h e a t i n g  and coo l ing  l o a d s  of d i f f e r e n t  s i z e  and type s t r u c t u x e s ,  wc 

u t i l i z e d  f i e l d  c a l i b r a t i o n s  f o r  h e a t i n g  demand i n  commercia l - indust r ia l  

s i n g l e  s t o r y  l i g h t  c o n s t r u c t i o n .  ~ n f  o r  tuna t e l y  , a i r  cond i t ion ing  

energy demands cannot be s e p a r a t e l y  c a l i b r a t e d  i n  the  same fash ion  because 

of t h e  l a c k  of adequate measurements. Light ing demand is  es t imated from 

n a t i o n a l  s t andards  as r e f l e c t e d  i n  t h e  Brookhaven National Laboratory d a t a  

h a s e ,  ( I 2 )  Miscellaneous e l e c t r i c  end uses  inc lude  a wide v a r i e t y  of 

dev ices  whose u t i l i z a t i o n  p a t t e r n s  i n  the  commercial s e c t o r  a r e  large1.y 

unknown. Using d a t a  on the  e l e c t r i c  requirements f o r  t h e  cornbLned h e a t i n g ,  

a ir  cond i t ion ing ,  and l i g h t i n g  demands a v a i l a b l e  f o r  a number of u t i l i t y  

s e r v i c e  a r e a s  and on t o t a l  energy demand, t h e  remaining balance was 

a t t r i b u t e d  t o  miscel laneous  e l e c t r i c  demand. (13) Energy demand i n  the  

commercial s e c t o r  i s  s t a t e d  111 u n i t s  of square footage of f loorspace ,  

rb;itl~er than  d o l l a r  s a l e s ,  employment, o r  o t h e r  p o s s i b l e  v a r i a b l e s ,  s i n c e  

f l o o r s p a c e  r e l a t e s  most d i r e c t l y  t o  energy needs and s e r v e s  as a primary 

determinant  i n  b u i l d i n g  des ign  s t u d i e s  f o r  most types  of commercial 

s t r u c t u r e s .  

Commercial Energy Worksheet -., , ~,.... " 

To account f o r  d i f f e r e n c e s  i n  c l i m a t i c  cond i t ions  and t o  inc lude  

reg ion-spec i f i c  v a r i a t i o n s  i n  the  mix of commcrcial z t r t i v i t i e s ,  we have 

developed a s i m p l i f i e d  procedure f o r  eva lua t ing  cuuuerci~l. c e c t o r  Pnergy 

i n t e n s i t y  c o e f f i c i e n t s  which makes use of 

1 )  v a l u e s  of annual Btu consumption per h e a t i n g  and/or coo l ing  

degree-day f o r  t y p i c a l  cnmmercial land use  a c t i v i t i e s ,  and 



2) techniques and l o c a l  d a t a  sources  t o  v e r i f y  t h e  accuracy of 

energy i n t e n s i t y  f a c t o r s  f o r  the  s p e c i f i c  planning a r e a .  

The a p p r o p r i a t e  h e a t i n g  and coo l ing  loads  f o r  e x i s t i n g  and new 

commercial space a r e  shown d i r e c t l y  i n  t h e  worksheet, Table 8. Within 

c o k e r c i a l  b u i l d i n g s ,  t h e r e  a r e  s u b s t a n t i a l  h e a t  loads  a s s o c i a t e d  wi th  , 

both occupants and e l e c t r i c  devices  and l i g h t s .  Since these  i n t e r n a l  

loads  a r e  n o t  s u b j e c t  t o  v a r i a t i o n s  i n  weather cond i t ions ,  t h e  space h e a t  

and coo l ing  demands f o r  commercial build-ings a r e  w r i t t e n  a s  a sum of 

weather-dependent load  p l u s  i n t e r n a l  load,  a s  shown i n  Table 8. The 

weather-dependent h e a t i n g  and coo l ing  demands a r e  used i n  conjunct ion w i t h  

t h e  h e a t i n g  and coo l ing  degree-day contour maps shown e a r l i e r  (Figures  2 & 

3) t o  o b t a i n  t h e  a c t u a l  Btu requirements f o r  commercial f loorspace .  The 

a n a l y s i s  then fol lows the  same procedure a s  i n  t h e  r e s i d e n t i a l  s e c t o r .  

The a n a l y s i s  of energy demand and f u e l  consumption i n  t h e  commercial 

s e c t o r  i s  summarized i n  t h e  worksheet. Each of t h e  parameters t h a t  e n t e r  

i n t o  t h e  a n a l y s i s  i s  descr ibed below: 

Uni t  Demand 

1. Heat/Cool Season ('days) ,d: Annual average degree-days f o r  h e a t i n g  and 

coo l ing  seasons ,  which may be  taken from t h e  n a t i o n a l  degree-day contour 

maps o r  determined from l o c a l  c l i m a t o l o g i c a l  d a t a .  

2. ~ e a t / C o o l  Demand (Btulyr per  'day) , D  : The weather-dependent component of 

energy requ i red  t o  h e a t  o r  coo l  commercial f loorspace  per  h e a t i n g  o r  coo l ing  

degree-day, r e s p e c t i v e l y .  

3. I n t e r n a l  Demand (Dtii/'tlay),I: The i n t e r n a l  h e a t  load a s s o c i a t e d  wi th  

people and e l e c t r i c i t y  use w%thin commercial space,  which a c t s  t o  reduce 

t o t a l  h e a t i n g  load  and i n c r e a s e  t o t a l  coo l ing  load .  

4. Uni t  Energy Demand (Btulyr per s q . f t . ) , E  : The per-square f o o t  demand f o r  

energy i n  each end use  category.  For h e a t i n g  demand, E = (d*D)-I. For u  
c o o l i n g  demand E = (d*D)+I. The v a l u e s  given a r e  f o r  s t andard ized  commer- 

u  
c i a 1  f loorspace .  Since t h e r e  can be wide v a r i a t i o n s  i n  demand between 

i n d i v i d u a l  b u i l d i n g s  and between c o n s t r u c t i o n  s tandards  i n  d i f f e r e n t  a r e a s ,  

r eg ion-spec i f i c  u n i t  energy demand should be  v e r i f i e d  us ing l o c a l  d a t a  

wherever p o s s i b l e .  



TABLE 8 

Off l c e  
space h e a t  
a i r  cond. 
e l e c t r i c  

R e t a i l  m l l  
space hea t  
a i r  cond. 
e l e c t r i c  

R e t l i l  s t r i p  
space h e a t  
a i r  cond. 
e l e c t r i c  

Other 
space hea t  
a i r  cond . 
e l e c t r i c  

UNIT DEMhD ENERGY DEMRND 

(Btu/ 
a e r g y  

per Qday) ( 'a") ( B t u N r )  

10 a E 

COMMERCIRL ENER-Y WORKSHEET' 
( "a"  = square f ee t )  

FUEL CONSUIIPTICN 

Unit  Land T o t a l  
Gas Use Gas 
consump. A c t i v i t y  Cocsump. 
(Btu/y: ("a') (Btu/yr) 
per "a ' )  

Fu b P 

( t 1 . 0 3  mi l l ion  ~ t u / ~ c f )  (:I40 thousand Btu/Gal) (J 3413 Btu/Kwh) 
MC f Gallons ~ w h  

T o t a l  Unit  Land 
Oi 1 use  O i l  
consump. Ac t iv i ty  Consump. 
(Btu/sr ( 'a") (Btu/yr) 
pe r  "a"  ) 

b P Fu 

B t u h r ,  

Unit  Land . Tota l  
E l e c t r i c  use, E l e c t r i c  
consump. ~ c t : i v i t y  consump. 
(Btu/yr (Btu/yr). 
pe r  "a" ) . 

OU b .  F 

Btu/yr Btu/yr 



Energy Demand 

5. Land Use A c t i v i t y  ( s q . f t . ) ,  a :  The commercial f loorspace  i n  each s t r u c t u r a l  

type--office,  r e t a i l  s t r i p ,  r e t a i l  m a l l ,  other--which have h e a t i n g ,  air  

cond i t ion ing ,  and e l e c t r i c  ( l i g h t i n g  p l u s  miscellaneous) demands shown. 

6.  T o t a l  Energy Demand ( B t u / y r ) , ~ :  The t o t a l  demand f o r  energy i n  each end 

use category,  E = a-E . 
u 

Fuel Consumption 

7.  Uni t  Fuel Demand (Btulyr per s q . f t . ) , F  : The per  square  f o o t  f u e l  r equ i red  

t o  meet t h e  Uni t  Energy Demand (3  above). Fuel consumption depends upon 

t h e  end-use technology employed, such a s  convent ional  burners ,  h e a t  pump, 

e t c .  The e f f i c i e n c y ,  e ,  f o r  each technology i s  t h e  r a t i o  of energy demand- 

to - fue l  consumption. Then FU = EU/e. 

a.  Natural  gas technologies  have t h e  fol lowing e f f i c i e n c i e s :  

. Conventional burner 

. Gas absorp t ion  commercial 

a i r  cond i t ion ing  

. Water h e a t  

. Range 

b .  D i s t i l l a t e  o i l  burners  have e f f i c i e n c y  0.65 

c .  E l e c t r i c  technologies  have t h e  fol lowing e f f i c i e n c i e s :  

. Resis tance h e a t i n g  1 .OO 

. Heat pump - h e a t  2.50 

coo l  2.50 

. A i r  cond i t ion ing  2.50 

. E l e c t r i c  l i g h t i n g  p l u s  misc.  1.00 

8.  Land Use A c t i v i t y  ( s q . f t . ) , b :  The commercial f loorspace  served by n a t u r a l  

gas ,  d i s t i l l a t e  o i l ,  and e l e c t r i c i t y  f o r  the  end-use category.  

9 .  To ta l  Fuel  Consumption (Btulyr)  ,F: The t o t a l  consumption of gas ,  o i l ,  and 

e l e c t r i c i t y ,  r e s p e c t i v e l y ,  i n  each end-use category,  F  = b - F  . 
U 

10.  MCF, Gallons,  Kwh; These provide convent ional  measures of f u e l  consumption 



by t a k i n g  column t o t a l s  i n  Btu and convers ion f a c t o r s  t o  indigenous 

-. measures .of MCF (thousand cubic  f e e t ) ,  g a l l o n s ,  and Kwh (k i lowat t  hours) 

of gas ,  o i l ,  and e l e c t r i c i t y ,  r e s p e c t i v e l y .  

C .  I n d u s t r i a l  Energy I n t e n s i t y  C o e f f i c i e n t s  

I n d u s t r i a l  energy i n t e n s i t i e s  va ry  s u b s t a n t i a l l y  from one ' i n d u s t r y  

t o  another  a s  shown i n  Table 9. Process energy, o r  h e a t  u t i l i z e d  i n  

manufacturing processes ,  c o n s t i t u t e s  a  major demand i n  such i n d u s t r i e s  

a s  metal-worGng and food process ing.  E l e c t r o n i c  equipment manufacturers 

u s e  l e s s  process  energy and.have r e l a t i v e l y  l a r g e  demands f o r  space con- 

d i t i o n i n g . .  P l a s t i c s  and s y n t h e t i c  m a t e r i a l s  i n d u s t r i e s  consume l a r g e  . 

q u a n t i t i e s  of feed s t o c k s ,  t h a t  i s ,  raw energy f u e l s  - such a s  o i l  and 

gas - which a r e  converted d i r e c t l y  i n t o  product i n p u t s .  Never theless ,  

p a t t e r n s  e x i s t  i n  i n d u s t r i a l  energy u t i l i z a t i o n  which can be used t o  

e s t a b l i s h  a  s e t  of i n d u s t r i a l  energy i n t e n s i t y  c o e f f i c i e n t s  . 
Although t h e  problem of c a t e g o r i z i n g  and aggregat ing i n d u s t r i a l  

a c t i v i t i e s  i s  a  d i f f i c u l t  one, t h e  use of t h e  two-digit SIC group has  

come t o  be regarded a s  t h e  most common method of ca tegor iz ing  indus t ry  

f o r  r e g i o n a l  economic and land use planning.  Energy u t i l i z a t i o n  p r a c t i c e s ,  

however, va ry  s i g n i f i c a n t l y  from one i n d u s t r y  t o  another wi th in  these  

two-digit  SIC groups,  depending upon t h e  age of p l a n t ,  c a p i t a l  inves ted  

i n  energy-consuming i n d u s t r i a l  process ing equipment, and o ther  faccors 

involved i n  t h e  product ion process .  For example, wi th in  SIC group 26 

(paper and a l l i e d  products)  a r e  contained both  pulp process ing and card- 

board box manufacturing,  which d i f f e r  by a  f a c t o r  of t e n  i n  t h e i r  energy 

demand levell!  4 ' ~ h e  nerd f u r  a d i f f e r e n t  d i saggrega t ion  scheme has l ead  us  

t o  adopt t h e  fol lowing procedure.  

We s t a r t  wi th  a  base  of nationally-averaged i n d u s t r i a l  energy u e i l i -  

z a t i o n  wi th  101 i n d u s t r i a l  s e c t o r  classification$'!) By combining c e r t a i n  

i n d u s t r i a l  types ,  n 57-sector BEA Level (shown i.n. Tah1.e 1.0) i s  obtained 

which r e t a i n s  d i s t i n c t i o n s  between many of t h e  i n d u s t r i e s  normally sub- 
(16) sumed under two-digit  SIC Code. Using. c_l.uster a n a l y s i s  techniques ,  

we examine energy use p a t t e r n s  wi th  r e s p e c t  t o  energy per do l la r -va lue  

added and energy .per employee; This a l lows us t o  i d e n t i f y  f i v e  major . 

i n d u s t r i a l  groups which a r e  bo th  a p p r o p r i a t e  f o r  land use  planning purposes 

and which a l s o  c h a r a c t e r i z e  t h e  major d i f f e r e n c e s  i n  energy i n t e n s i t y  



TABLE 9 

INDUSTRIAL ENERGY PROFILE 

( ~ t u l ~ o l l a r  Product Output) 

p rocess  Space 
1 

A i r  Misc . 
Feedstock Encrgy H&a t Condi t ion E l e c t r i c  

P l a s t i c s  and 
s y n t h e t i c  m a t e r i a l s  23400 26100 780 2800 3000 

Food and Kindred 
Products  

Radio, Te lev i s ion ,  and 
Communication Equipment - 30 1300 560 810 

Paper and A l l i e d  Products  
Except Containers  220 44000 9 50 270 5 200 

Paperboard Containers  
and Boxes - 3700 1100 9 0 1200 

- - 

' ~ n c l u d e s  water  h e a t .  



TABLE 10 

ENERGY COEFFICIENTS FOR INDIVIDUAL INDUSTRIES 

Bureau o f  
Economic 
Ana lys i s  
Code 

5 
6 
9 

10 
1 3  
14 
1 5  
16  
17 
1 8  
19 
20 
2 1 
2 2 
23 
2 4 
25 
2 6 
27 
2 8 
2 9 
3 0 
31 
3 2 
33 
3 4 
35 
36 
3 7 
3 A 
39 
40 
41  
4 2  
4 3 
44 
45 
46 
47 
48 
49 
50 
61 
52 
5 3 
5 4  
5 5 
5 G  
57 
58 

I n d u s t r y  Name 

I r o n  and f e r r o a l l o y  o r e s  mining 
Nonferrous me ta l  o r e s  mining 
S t o n e  and c l a y  mining and q u a r r y i n g  
Chemical and f e r t i i i z e r  mine ra l  mining 
Ordanance and a c c e s s o r i e s  
Fnnd and k i n d r e d  p r o d u c t s  
Tobacco manufactures  
Broad and narrow f a b r i c s ,  ya rn  and t h r e a d  m i l l s  
Mi sce l l aneous  t e x t i l e  goods and f l o o r  cove r ings  
Appare l  
Misce l l aneous  f a b r i c a t e d  t e x t i l e  p r o d u c t s  
Lumber and wood p roduc t s ,  excep t  c o n t a i n e r s  
wooden c o n t a i n e r s  
~ o u s e h o l d  f u r n i t u r e  
Othcr  f u r n i t u r e  and f i x t u r e s  
Paper  and a l l i e d  p r o d u c t s  excep t  c o n t a i n e r s  
Paperboard c o n t a i n e r s  and boxes 
P r i n t i n g  and p u b l i s h i n g  
Chemicals end s e l e c t e d  chemical  p roduc t s  
P l a s t i c s  and s y n t h e t i c  m a t e r i a l s  
Drugs, c l e a n i n g  and t o i l e t  p r e p a r a t i o n s  
P a i n t s  and a l l i e d  p roduc t s  
Petroleum r e f i n i n g  and r e l a t e d  i n d u s t r i e s  
Rubber and misce l l aneous  p l a s t i c s  p r o d u c t s  
Lea the r  t a n n i n g  and i n d u s t r i a l  l e a t h e r  p t o d u c t s  
Footwear and o t h e r  l e a t h e r  p r o d u c t s  
G las s  and g l a s s  p r o d u c t s  
S tone  and c l a y  p roduc t s  
Primary i r o n  and s t e e l  manufactur ing 
Primary nonfe r rous  meta l  manufactur ing 
Mntal c o n t a i n e r s  
Rea t inq ,  P~UIIIIJIII~ mid ~ t r u e t u r a L  metal produc t s  
Stampings,  screw machine p roduc t s  and b o l t s  
Ott iur  t=nr l  cclLcd !!!dlrgl p ~ o d u c t s  
Engines and t u r b i n e s  
farm machinery and equipment 
~ o n s t r i > c t i o n .  mininq and o i l  f i e l d  machinery 
M a t e r i a l s  h a n d l i n g  machinery and equipment 
Metalworking machinery and equipment 
S p e c i a l  i n d u s t r y  machinery and'erluipment 
Gene ra l  i n d u s t r i a l  machinery and equipment 
Machine shop p roduc t s  
O f f  i re, onmuutinq and accoun t ing  machines 
S e r v i c e  i n d u s t r y  machines 
E l e c t r i c  i n d u s t r i a l  equipment and a p p a r a t u s  
! I O U E O ~ O ~ ~  a p p l i a n c e s  
E l e c t r i c  l i g h t i n g  and w i r i n g  equipment 
Radio, f o l e l ~ l  b i C J I ~  nnd c o m u n i o ~ t i o n  cqlii pment 
E l e c t r o n i c  components and a c c e s s o r i e s  
Misce l l aneous  e l e c t r i c a l  machinery,  equipment,  

and s u p p l i e s  
Motor v e h i c l e s  and equipment 
A i r c r a f t  and p a r t s  
Other  t r a n s p o r t a t i o n  equipment 
S c i e n t i f i c  and c u ~ ~ L r o l l i n g  i n s t n u n c n t s  
O p t i c a l ,  ophthaimic  and photographic  equipment 
Misce l l aneous  manufactur ing 

Employee Per  
$ M i l l i o n  
Value Added 

36.73 
53.23 
62.41 
32.39 
82.40 
68.75 
a 6 . w  

196.27 
94.39 

170.63 
138.27 
108.22 
142.92 
131.65 
100.16 

67.87 
98.56 
93.71 . 
45.46 
58.83 
20.05 
70.10 
58.36 
83.64 

103.73 
161.28 

76.96 
85.09 
73.93 
63.90 
62.45 
Y8. I iB  
80.26 
86.01 
73.03 
80.84 
74.23 
85.01 
77.13 
86.63 
80.60 
92.85 
69.24 
8 3 - 9 1  
84.17 
87.08 
Etl.05 
83.91 . 

l lU. ' /3 
82.08 

Thousand Btu 
Per $ Value 
Added 

80.0 
63.0 
52.2 

128.0 
10.5 
26.8 

4.7 
37.2 
26.5 

6.0 
12.2 
27.4 
14 .6  

7.9 
9.4 

125.0 
11.1 

5.6 
253.0 
158.0 

13.3  
37.1 

1894.0 
27.9 
38.5 

6.1 
76.0 

133.0 
451.0 

86.1  
15 .1  
14.0 
11.8 
15.9 
1 b . Y  
16.0 
14.1  

7.1 
7 .3  
7.9 

10.4 
10.0 

5 .1  
Q. 5 

1 0 . 1  
15.6 
10.4 

5.7 
16.2 
11.7 



c o e f f i c i e n t s  among i n d u s t r i a l  s e c t o r  a c t i v i t i e s .  

Light  I n d u s t r y  

This group inc ludes  a l l  of the l i g h t  manufacturing i n d u s t r i e s .  

The v e r y  lowest  energy consumers i n c l u d e  t h e  manufacturing of o p t i c a l  

equipment, p r i n t i n g ,  and var.ious a p p a r e l  producers .  

Medium Indus t ry  

This group is  composed of a  miscel lany of pe r sona l  consumption 

i n d u s t r i e s  inc lud ing  food and kindred p roduc t s ,  t e x t i l e  goods, 

rubber  and p l a s t i c s ,  lumber and wood product ion,  p a i n t  and l e a t h e r  

product ion.  

Mining and Metals 

This  group inc ludes  f o u r  i n d u s t r i e s :  s t o n e  and c l a y  mining, non- 

f e r r o u s  meta l  o r e  mining and manufacturing,  i r o n  o r e  mining and 

g l a s s  products .  

Paper and Chemicals 

This group inc ludes  chemical and f e r t i l i z e r  product ion,  paper and 

a l l i e d  product ion,  and manufacturer of s t o n e  and c lay  products .  

Syn the t i c s  

These i n d u s t r i e s  incli .~de  plastic^ and s y n t h e t i c  m a t e r i a l s  product ion,  

chemical and chemical ly-re la ted  product ion,  paving mixture ,  a s p h a l t  

f e l t s  and coa t ings  product ion.  Most of t h e i r  energy use  appears  in -  

d i r e c t l y  i n  f eeds tock  consumption. Primary i r o n  is a l s o  included 

i n  t h i s  group. Most of i t s  energy is  der ived from t h e  energy product  

s e c t o r  of coke (ore-reduct inn)  feed 8 tookc. 

The i n d u s t r i a l  energy i n t e n s i t y  c o e f f i c i e n t s  adopted f o r  each 

i n d u s t r y  group a r e  shown i n  Table 11. We have a l s o  found i t  u s e f u l  t o  

i n c l u d e  informat ion on energy consumption p e r  a c r e .  However, t h e s e  

f i g u r e s  a r e  based upon planning des ign c r i t e r i a  u t i l i z i n g  e m p l n y ~ ~ s / a c r e  

a s  a  u n i t  which may va ry  f o r  d i f f e r e n t  r eg ion6f7)  Although t h e  v a r i a t i o n  

i n  t h e  cnergy i n t e u s i t y  ~ o e f  f i c i e n t s  w i t h i n  each of t h e  i n d u s t r y  groups 

desc r ibed  above is  f a i r l y  l a r g e ,  t h e s e  v a l u e s  o f f e r  a  u s e f u l  s t a r t i n g  

p o i n t  f o r  e v a l u a t i o n  of l o c a l  energy demands i n  t h e  i n d u s t r i a l  s e c t o r .  



TABLE 11 

INDUSTRIAL ENERGY - EMPLOYMENT - LAND USE 

BY INDUSTRY CROUP 

Energy Per Employees Per  Energy Per  
Dol la r  Value Dol la r  Value Employee 

I n d u s t r y  Added Added (Mil l ion Energy Per  Acre Employee 
Group (Thous. B ~ u / $ )  (Emp/Mill. $VA) Btu/Emp) (Mi l l .  Btu/Acre) Per Acre 

L i g h t  
I n d u s t r y  10.5 90 120 3360 

Medium 
I n d u s t r y  32 

Mining and 
Metals  7 2 

Paper and 
Chemicals 129 

- 

' ~ n e r ~ ~  i n t e n s i t y  depends upon s p e c i f i c  i n d u s t r i a l  p rocess ,  p l a n t  c h a r a c t e r i s  tics, e L C ,  



Where d e t a i l e d  d a t a  is  a v a i l a b l e  on e x i s t i n g  and p r o j e c t e d  i n d u s t r i a l  and 

employment mixes, more p r e c i s e  energy i n t e n s i t y  c o e f f i c i e n t s  f o r  each  of 

t h e s e  i n d u s t r i a l  s e c t o r  c a t e g o r i e s  can b e  es t imated us ing  t h e  informat ion 

i n  Table 10.  Although we have noted t h e  d i f f i c u l t i e s  a s s o c i a t e d  w i t h  t h e  

u s e  of SIC groups a s  t h e  b a s i s  f o r  energy a n a l y s i s  i n  t h e  i n d u s t r i a l  

s e c t o r ,  i t  o f f e r s  an a l t e r n a t i v e  method f o r  us ing  r e g i o n a l  land use  and 

economic a c t i v i t y  d a t a  t o  c a l c u l a t e  l o c a l  i n d u s t r i a l  energy i n t e n s i t y  co- 

e f f i c i e n t s .  Table 12  which l ists the energy i n t e n s i t y  coeff ic ients  accord- 

i n g  t o  SIC groupings is provided f o r  t h i s  purpose.  

I n d u s t r i a l  f u e l  mixes a r e  a l s o  d i f f i c u l t  t o  c h a r a c t e r i z e  because 

t h e  f u e l s  used a r e  dependent on bo th  t h e  i n d u s t r i a l  p rocesses  employe& 18)  

and l o c a l  p r i c e s  and a v a i l a b i l i t y  of s p e c i f i c  f u e l s .  I n  c e r t a i n  i n d u s t r i e s  

use  can be  made of t h e  knowledge t h a t  t h e  manufacturing processes  employed 

r e q u i r e s  "clean" f lame energy de r ived ,  normally, from n a t u r a l  gas  (o r  

propane).  Likewise, many i n d u s t r i a l  o p e r a t i o n s  i n  food process ing and 

o t h e r  product manufacturing a r e  mandated by v a r i o u s  government r e g u l a t i o n s  

t o  use  gas.  For many o t h e r  p rocess  h e a t  and space  h e a t  a p p l i c a t i o n s ,  

however, both  gas  and o i l  f o s s i l  f u e l s  may be  used and i n d u s t r i a l  p l a n t s  

w i l l  o f t e n  have a l t e r n a t i v e  f u e l  c a p a b i l i t i e s .  A s  a  r e s u l t  our a n a l y s i s  

of f u e l  mix i n  t h e  i n d u s t r i a l  s e c t o r  i s  based on i d e n t i f y i n g ,  i n  s o  f a r  

a s  p o s s i b l e ,  t h e  combination of f u n c t i o n a l  end u s e s . f o r  which energy is  

used - process  h e a t ,  space  cond i t ion ing ,  l i g h t i n g ,  e t c .  Such informat ion 

makes i t  p o s s i b l e  t o  e s t a b l i s h  a t  l e a s t  ranges  of va lues  f o r  f o s s i l  f u e l  

and e l e c t r i c a l  demand. For t h e  remaining c a t e g o r i e s  informat ion on f u e l  

requirements must be obta ined u s i n g  knowledge of l o c a l  manufacturing 

processeo and f u e l  u s e  p r a c t i c e s .  

I n  t h e  c a s e  of more energy i n t e n s i v e  i n d u s t r i a l  a c t i v i t i e s ,  t h e  f u e l  

mix becomes too  industry-and-plant  s p e c i f i c  t o  use  t h i s  procedure.  Where 

d e t a i l e d  fuel. informat ion is  d e s i r e d  i,n such c a s e s ,  we c i t e  sources  below 

which w i l l  provide  t h e  r e q u i s i t e  l o c a l  i n d u s t r i a l  f u e l  breakdown. 



SIC 

TABLE 12 

INDUSTRIAL-ENERGY-EMPLOYMENT-LAND USE 

by SIC GROUP 

Thousand Btu Employee M i l l i o n  Btu 
Per  .$ Value Per  $ M i l l i o n  Per  
Added Value Added Employee 

20 Food & k indred  products  286.6 75.7 3545.6 

21 Tobacco Manufacturers 46.5 22.4 2075.1 

22 T e x t i l e  goods, f l o o r  
cover ings ,  ya rns  & t h reads  350.5 120.7 2903.4 

23 Miscel laneous  f a b r i c a t e d  
t e x t i l e  products  127.4 138.6 919.7 

24 Lumber & wood p roduc t s  
p3.11~ c o n t a i n e r s  268.5 133.6 2010 

25 Household & o t h e r  
f u r n i t u r e  & f i x t u r e s  94.7 112.6 841.2 

26 Paper & a l l i e d  products  
p l u s  c o n t a i n e r s  & boxes 966.8 00.9 11957.6 

27 P r i n t i n g  & p u b l i s h i n g  57.0 101.3 562.5 

28, Chemical, p l a s t i c ,  p a i n t ,  
29 drugs ,  c l e a n i n g  & p e t r o l .  

products  35.4 58.2 608.2 

30 Rubber & miscel laneous  
p l a s t i c  p roduc t s  219.0 84.1 2604 

3 1  Leather  foo twar r  & in-  
d u s t r i a l  p t6ducrs  115.4 163.9 7Q3.9 

32 Glass ,  s t o n e  & c l a y  
p roduc t s  1166.5 90.0 12957.2 

33 Nonferrous , i ron & 
s t e e 1  manuf a c t u r  . 1691.6 73.2 23108.7 

34 Fabr ica ted  meta l  products  143.8 89.2 1611.7 

35 Zngines ,Construct ion & i n -  
d u s t r i a l  machinery 114.5 86.2 1327,7 

36 E l e c t r i c a l  equipment, 
a p p l i a n c e s  & machinery 92.4 93.7 383.5 

31 Transpor taclon vrhl tc l rs  & 
equipment 105.9 75.9 1395.6 

38 P r o f e s s i o n a l ,  s c i e n t i f i c  
photo.  equipment 60.1 85.5 702.6 

39 Mjscellaneous Manufactur. 76.4 119.8 637.7 



INDUSTRIAL ENERGY - FUEL M I X  

Indus t ry  
Group 

Light  Indus t ry  . F o s s i l  
. E l e c t r i c  
. Feedstock 

Tota l  

Medium Indus t ry  
. F o s s i l  . E l e c t r i c  
. Feedstock 

Tota l  

Energy Per ~ o l l a r  
Value Added 

(Thousand Btu/$) 

Energy Per  
Employee 

(Mill ion Btu/EMP) 

I n d u s t r i a l  Enerpy Worksheet 

The a n a l y s i s  of energy demand and f u e l  consumption i n  the  i n d u s t r i a l  

s e c t o r  is summarized on t h e  worksheet, Table 13.  Each of t h e  

parameters t h a t  e n t e r  i n t o  the  a n a l y s i s  i s  descr ibed below. 

Unit Demand 

1. Heat/Cool Season ('days) ,d: Annual average degree--days f o r  h e a t i n g  and 

cool ing seasons ,  which may be taken from t h e  n a t i o n a l  degree-day contour 

maps o r  determined from l o c a l  c l imatofog ica l  d a t a .  

0 
2 .  Heat/Cool Demand (Btulyr  per  dy),D: The energy requ i red  t o  h e a t  o r  cool  

i n d u s t r i a l  p l a n t  space per  h e a t i n g . o r  coo l ing  degree-day r e s p e c t i v e l y .  

The va lues  given a r e  energy demands per  employee f o r  s tandardized i n d u s t r i -  

a l  space. Sincc there can Le wldr variarions i n  demand between i n d i v i d u a l  

bu i ld ings  and between c o n s t r u c t i o n  s tandards  i n  d i f f e r e n t  a r e a s ,  region- 

s p e c i f i c  h e a t  and coo l  demands should be v e r i f i e d  us ing l o c a l  d a t a  where- 

ever poss ib le .  

3 .  Unit Energy Demand (Btulyr per  sq .  f t  .) ,E : The per-employee demand f o r  

' energy i n  each  end-use category,  E =daD. 
u  

4 .  Land Use A c t i v i t y  (sq. f t )  ,a :  The employment f o r  each type of indus t ry .  



I N ~ S T U L  EllE23GY WOA(SHEET 
('8" = Fer  employee) 

C r . ~ t  Land T o t a l  
c+3 u s e  Gas 
Co.-tsump. A c t i v i t y  Consunp. 
.B=u/y r  ( "a" )  lB tu /y r )  
p e r  "a")  

Heat /  E e a t /  U n i t  
Cool  Cool  ~ n e r g y  
Season  DemanC Demand 
( W a y s :  lBtu/"dy) (Btu/yr  

p e r  "a' ) 

d D =u 

U n i t  Land T o t a l  
O i l  Use O i l  
Ccnsump. A c t i v i t y  Consump. 
(e tu/yr  ("a")  (B'JJ/Yz) 
p e r  "a" ;  

Land T o t a l  
u s e  Energy 
A c t i v i t y  Demand 
( "a" )  ' ( 3 t u / y r )  

a E 

L i g h t  I n d u s t r y  
p r o c e s s  
s p a c e  h e a t  
a i r  cond.  
e l e c t r i c  

I Medium I n d u s t r y  
a p r o c e s s  
N s p a c e  h e a t  

I 
a i r  cond. 
e l e c t r i c  

iieavy I n d u s t r y  
p r o c e s s  
s p a c e  h e a t  
a i r  cond. 
e l e c t r i c  

Btu/yr  
( 3 . 0 3  m i l l i o n  ~ t u / M c f )  

vx f 

U n i t  Land T o t a l  
E l e c t r i c  Use E l e c t r i c  
Consump. ( ~ t u / y r  A c t i v i t y  ( "a" )  Consump. 

(Btu/yr)  
p e r  "a" )  

Btu/yr  
(!I40 thousand Btu/Gal)  

G a l l o n s  

s t u / y r  
( I3413  B t u / ~ v h )  

Kwh 



5 .  To ta l  Energy Demand (Btu/yr),E: The t o t a l  demand f o r ' e n e r g y  i n  each 

end use  category,  E=aE . 
u 

Fuel Consump t i o n  

6. Unit Fuel  Demand CBtulyr per kq, f t) , 'Fu:  The per-employee f u e l  required 

t o  meet the u n i t  Energy Demand (3 above). Fuel  consumption depends upon 

the end-use technology employed, such a s  convent ional  burners ,  h e a t  pump, 

e t c .  Tke e f f i c i e n c y  e ,  of each technology i s  t h e  r a t i o  of energy demand- 

- to-f u e l  consumption. 

Then F =E /e. 
u u 

a. Natural  gas technologies  have t h e  fol lowing e f f i c i e n c i e s :  

. Conventional burner 0.65 

. Gas , absorp t ion  i n d u s t r i a l  , 

a i r  condi t ioning 1.00 

b. D i s t i l l a t e  o i l  burners  have e f f i e n c y  0.65 

c. E l e c t r i c  technologies  have the fol lowing e f f i c i e n c i e s :  

. Resis tance h e a t i n g  1.00 

. Heat pump - h e a t  2.50 

- cool  2.50 

. A i r  condi t ioning 2.50. 

. E l e c t r i c  - 

( l i g h t i n g  p lus  miscellaneous) 1.00 

7 .  Land U s e  A c t i v i t y  (sq. f t ) ,  b: The i n d u s t r i a l  p l a n t  space served by 

n a t u r a l  gas ,  distill at^ o i l ,  and c l e c t r i ~ i ~ y  f o r  t h e  end-use category.  

8. T o t a l  Fuel  Consumption (Btu/yr),F: The t o t a l  consumption of gas ,  o i l ,  

and e l e c t r i c i t y ,  r e s p e c t i v e l y ,  i n  each end-use category,  F=b.F . 
. , u 

9.  MCF,Galloas, Kwh: These provide conventional measures of f u e l  consumption 

by taking column t o t a l s  i n  Btu and conversion f a r t n r a  t o  indigenous 

measures of MCF (thousand cubic  f e e t ) ,  g a l l o n s ,  and Kwh (k i lowat t  hours) 

of gas ,  o i l ,  and e l e c t r i c i t y ,  r e s p e c t i v e l y .  



D. Transpor ta t ion  Energy I n t e n s i t y  C o e f f i c i e n t s  

To e s t i m a t e  the energy i n t e n s i t y  c o e f f i c i e n t s  i n  t h e  t r a n s p o r t a t i o n  

s e c t o r  one must e s t a b l i s h  t h e  major determinants of t r a v e l ,  evalua,te t h e i r  

r e l a t i o n s h i p  t o  p r e v a i l i n g  s p a t i a l  p a t t e r n s  of land use ,  and a s s e s s  t h e  

accuracy of a v a i l a b l e  t r a n s p o r t a t i o n  demand d a t a  f o r  d i f f e r e n t  r eg ions  of 

t h e  country.  Based on t h e s e  f i n d i n g s ,  one can then adopt a  h e u r i s t i c  

procedure f o r  e v a l u a t i n g  t h e  energy i n t e n s i t y  c o e f f i c i e n t s  u t i l i z i n g  both 

n a t i o n a l  and l o c a l  d a t a  sources .  This approach i m p l i c i t l y  assumes t h a t  

t h e  s p a t i a l  d i s ~ r i b u t i o n  of land use  a c t i v i t i e s  p lays  a  dominant r o l e  i n  

i n f l u e n c i n g  both t h e  frequency and l e n g t h  of l o c a l  work and shopping t r i p s .  

This i s  borne out  i n ' s t u d i e s  of pe rsona l  t r a v e l  demands i n  a  number of 
(19 t h r u  21) 

urban c e n t e r s  around t h e  country.  

Personal  t r a v e l  accounts f o r  about 70% of a l l  t r a v e l  i n  most a r e a s  

of t h e  country - t h e  remainder being evenly divided between heavy t ruck 

t r a f f i c  and a i r ,  t r a i n ,  and s h i p  movement6T2) Because non-personal 

t r a v e l  i s  generated by t h e  l e v e l s  arul t y p e s  of l o c a l  c o m c r r . i a 1  and in -  

d u s t r i a l  a c t i v i t i e s  and is more d i f f i c u l t  t o  es t imate ,  we r e s t r i c t  our 

a t t e n t i o n  i n  t h i s  s e c t i o n  t o  pe rsona l  crave1 by automobile and mass 

t r a n s i t  modes. The breakdown of pe rsona l  t r a v e l  purposes,  based on 

n a t i o n a l l y  averaged valuei2?)shown i n  Table 14 i n d i c a t e s  t h a t  t h e  s i g n i -  

f i c a n t  t r a v e l  demand parameters which determine t o t a l  energy consumption 

a r e  - 

. t r i p s  p e r  household 

. t r i p  l eng th  

. modal s p l i t  . 

. v e h i c l e  occupancy r a t e  

For any indivLdual a r e a  the v a ~ i a t i o n  of t h e  v a l v ~ s  fnr these  para- 
. . 

meters w i l l  depend on such f a c t o r s  a s  d i s t r i b u t i o n  of income l e v e l s ,  

d i s t a n c e  from urban c e n t e r s ,  populat ion d e n s i t y ,  l o c a l  access  t o  commercial 

s i t e s ,  e t c .  For example, Figure  4 shows t h a t  t h e  t o t a l  d a i l y  number of 

household t r i p s  i n c r e a s e s  f o r  low r e s i d e n t i a l  d e n ~ i t i e 6 ~ ~ ) a n d  Figure  5 

shows t h a t  t r i p  l eng th  i n c r e a s e s  f o r  l a r g e r  shopping a r e a s ,  a  r e f l e c t i o n  
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TABLE 14 

TRANSPORTATION ENERGY P R O F I L E  

Da i ly  Number Average Annual Passenger Auto Annual Vehicle  
T r i p  of Person Tr ips  T r i p  Miles per  Occupancy Miles  per  
Purpose Per Household Length Iiousehold Rate Household 

Work 2.03 (37%) 10.2 . 7300 (44%) 1.2  6100 (49%) 

Other  1.79 (33%) 9.9 6200 (37%) 1.6 3900 (32%) 

'Excluding c h i l d r e n  under 6.. 

*Excluding an average 16U v e h i c l e  miles fox v a c a t i o n  t r i p e .  



of t h e  l a r g e r  catchment areas being served.  

Although the range of d a t a  sources  and t r a n s p o r t a t i o n  demand 

models is ex tens ive ,  they a r e  l ack ing  i n  c e r t a i n  For 

example, t r i p  l e n g t h  s t u d i e s  va ry  i n  their c a t e g o r i z a t i o n  of t r i p  

func t ions  and a r e ,  t h e r e f o r e ,  d i f f i c u l t  t o  intercompare.  S tud ies  which 

have concentra ted on urban a r e a s  a l s o  have tended t o  aggregate  d a t a  f o r  

d i f f e r e n t  c a t e g o r i e s  of t r i p s .  The modcls which l u v e  been developed t o  

s imula te  pe rsona l  t r a v e l  p a t t e r n s  a r e  o f t e n  l a r g e  and d i f f i c u l t  and ex- 

pensive  t o  apply t o  a s p e c i f i c  region.  

Our procedure t o  e s t a b l i s h  t h e  determinants  of t r a n s p o r t a t i o n  
26-30) 

energy i n t e n s i t y  r e f l e c t s  t h e  c o r r e l a t i o n  of s t u d i e s  of urban area&,  
(31) u t i l i z a t i o n  of t h e  land use-energy model developed f o r  t h i s  p r o j e c t ,  

and parametr ic  analyses  of t h e  r e l a t i o n  between d e n s i t y ,  d i s t a n c e  from 

c i t y  c e n t e r s ,  and t r a v e l  p re fe rences .  Since  v e h i c l e  occupancy r a t e s  

determined i n  urban-suburban s t u d i e s  i n  v a r i o u s  l o c a l e s  and i n  t h e  

Nat ional  Personal  Transpor ta t ion  Survey (NPTS) f o r  d i f f e r e n t  t r i p  purposes 

show only smal l  d i f f e r e n c e s ,  those  from t h e  NPTS were adopted f o r  use  

he re .  The t r i p  genera t ion  r a t e s  were taken from t h e  Urban Transpor ta t ion  

Planning ~ ~ s t e & ~ ~ ) w h i c h  a r e  based upon nationally-averaged s tudy r e s u l t s .  

The dependence of t r i p  l e n g t h s  upon l o c a l  land use  d e n s i t y  was explored 

through s imula t ion  runs of t h e  computer land use-energy u t i l i z a t i o n  model. 

These r e s u l t s  combined wi th  s t u d i e s  of t h e  populat ion d i s t r i b u t i o n s  of 

metropol i tan  a r e a s  g ive  t r i p  l eng ths  which a r e  based p r i m a r i l y  on popu- 
32) l a t i o n  and employment d e n s i t y  v a r i a t i o n s  wi th  d i s t a n c e  from c e n t r a l  c i t i e s .  

The proper choice  of appropr ia te  t r i p  l eng ths  is  then f u r t h e r  s i m p l i f i e d  
33) n t i . l . iz ing  s grapl i ica l  r epressn tac lod  (Figure 6 )  of these  r e s u l t & .  

F i n a l l y ,  to. inc lude  t h e  dependence of t r i p  genera t ion  and t r i p  l e n g t h s ,  

on community income l e v e l s ,  we u t i l i z e  t h e  NPTS d a t a  t o  es t imate  percent-  

age s h i f t s  i n  t h e s e  two parameters f n r  varying income l e v e l s .  

Transpor ta tcon .. - Energy WorksheeL 

The a n a l y s i s  of energy demand and f u e l  consumption i n  t h e  t r anspor ta -  

t i o n  s e c t o r  i s  summarized on t h e  worksheet given i n  Table 15.  Each of t h e  

parameters t h a t  e n t e r  i n t o  t h e  a n a l y s i s  is descr ibed - 



TABLE 15 

T r i p  P u r p o s e / M o d e  

TRAVSPORTATION ENERGY WORKSHEET 

UNIT EEM;WD ENERZY DEELeND FWL CONSUMPTION 

V e h i c l e  . V e h i c l e  
E n e r g y  - . O c c u p a n c y  E n e r g y  gse Daily trips D a i l y  A v e r a g e  A n n u a l  

T o t a l  

Demand R a z e  Demand Activi ty per household P a 9 3  T r i p  P a s s . M i .  M o d a l  E n e r g y  
( e t u i v e h . m i l  ( B t u / p a s s . m i .  (no .  h o u s e h o l d 1  ( *364  d a ~ s )  ( B t u / y r )  

E-d 
J E u  M S E 

, w- 
A u t o  1 8 4 0  

P B u s  4 6  30 
03 I i a i l / d i e s e l  5 3 2 0 0  

electric 1 8 1 0 0  
I 

Shop 
A u t o  
6 u s  

O t h e r  
A u t o  
BUS 

U n i t  
O i l  P a s s .  O i l  E l e c t .  P a s s .  E l e c t r i c  
Demand 

s t u / y r  
( i 3 4 1 2  Btu/Kwh) 

Kwh 



1. Vehicle  Energy Demand CBtu/vehicle-mile),E : The pe r  v e h i c l e  m i l e  v 
demand'for energy of each  t r a n s p o r t a t i o n  v e h i c l e  type  u t i l i z e d  f o r  each  

type  of  t r i p .  

2. Vehic le  Occupancy Rate,V: The average number of r i d e r s  p e r  v e h i c l e .  A 

b r i e f  comparison between r i d e r s h i p  and c a p a c i t y  f o r  work t r i p  i s  given 

below. 

Auto 

Occupancy Capacity S a t u r a t i o n  

1.2 4 30% 

Bus 20. 5 0 40% 

R a i l c a r  40. 120 30% 

Where a v a i l a b l e ,  l o c a l  d a t a  on occupancy r a t e s  should be used. 

3.  Uni t  Energy Demand (Btulpassenger-mile) ,E : The p e r  passenger-mile 

demand f o r  energy of each t r a n s p o r t a t i o n  mode u t i l i z e d  f o r  each type 

of t r i p ,  E =E / v .  
u v 

Ener py Demand 

4. Land Use A c t i v i t y  (households),a:  The number of households i n  t h e  r e g i o n .  

5.  Dai ly  t r i p s  pe r   household,^: The average number of d a i l y  t r i p s  of each 

type  from a household which w i l l  v a r y  w i t h  community income l e v e l .  

Tl~e va lues  g iven a r e  n a t i o n a l l y  averaged t r i p  genera t ion  r a t e s .  Dai ly  

t r i p s  pe r  household f o r  r eg ion-spec i f i c  a n a l y s i s  should be taken from 

Table 16. Local survey d a t a  a l s o  may be  used,  where a v a i l a b l e ,  t o  es-  

t a b l i s h  r e g i o n - s p e c i f i c  d a i l y  t r i p s  pe r  household. 

6. Dai ly  Passenger Trips,T: The t o t a l  d a i l y  number of t r i p s  by purpose- 

by mode, T=a.o. 

7 .  Modal  split,^: The f r a c t i o n  of passenger t r i p s  f o r  each purpose which a r e  

made by each mode. The va lues  shown a r e  nat ional -averages  f o r  urban a r e a s .  

For r eg ion-spec i f i c  a n a l y s i s ,  t h e  modal s p l i t  i s  b e s t  obta ined through 

loca l  d a t a ,  

8. T r i p  length ,L:  The one way d i s t a n c e  f o r  each t r i p  purpose.  T l ~ e  va lues  

g iven a r e  n a t i o n a l l y  averaged t r i p  l e n g t h s .  However, t r i p  l e n g t h  depends 

upon d i s t a n c e  from urban c e n t e r  and community income l e v e l s .  Region- 



TABLE 16 

TRIP PRODUCTION RATES 

( d a i l y  person t r i p s  per household,  
excluding c h i l d r e n  under 6) 

T r i p  Income Income Income 
. - - - . . . . . Purpose Level  1 Level 2 Level 3 Average 

Work ' F.18 2.20 2.54 2.03 (37%) 

Shop . .90 1 .75 ' 2.20 1.65 (30%) 

Other .95 1.88 2.44 1.79 (33%) 

Note: Income Level 1: Low income 
Income Level 2: Middle income 
Income Level 3: High imcome 



s p e c i f i c  t r i p  l e n g t h  should be determined a s  fo l lows ;  

a. The work t r i p  l e n g t h  may be  es t imated from Figure  6.  I n  a r e a s  

where populat ion is  more widely and uniformly dispersed r e l a t i v e  

t o  work o p p o r t u n i t i e s  (Los Angeles, S e a t t l e ,  e t c . ) ,  t r i p  l eng ths  

tend t o  be  longer ;  and v i c e  ve rsa .  

b .  The Shop, Other,  and Truck t r i p  l eng ths  should b e  s c a l e d '  by: 

Shop t r i p  l e n g t h  = .55xWork t r i p  l e n g t h  

Other t r i p  l e n g t h  = .97xWork t r i p  l e n g t h  

Truck t r i p  l e n g t h  = .73xWork t r i p  l eng th  

c.  Where community income l e v e l s  va ry  s ignif icant ly  from n a t i o n a l  

averages ,  t h e  work, shop, and o t h e r  t r i p  l eng ths  may be  increased 

o r  decreased by t h e  percentages  noted i n  Table 17.  

(This reg ion-spec i f i c  t r ip - l eng th  a n a l y s i s  assumes t h e  reg ion  i t s e l f  

i s  a  smal l  p a r t  of some l a r g e r  urban a r e a .  Where t h e  reg ion  under 

s tudy  has  a  wide v a r i a t i o n  i n  d e n s i t y  of land use ,  i t  may be b e s t  

t o  break up t h e  s tudy a r e a  i n t o  s e v e r a l  p ieces  wi th  more uniform 

land use  d e n s i t i e s .  For reg ions  possess ing unusual t r a v e l  charac te r -  

i s t i c s  e.g.  commuting is  almost exc lus ive ly  t o  an  urban core  by 

express  r a i l  s e r v i c e ,  t r i p  l e n g t h s  may be es t imated us ing l o c a l  d a t a .  

A more d e t a i l e d  a n a l y s i s  can be  c a r r i e d  ou t  us ing  t h e h n d  use-energy 

s imula t ion  model and t r a n s p o r t a t i o n  ana lyses  found elsewhere.)  

9 .  Annual Passenger Miles per  T r i p ,  M: The per  daily-passenger t r i p  annual 

m i l e s  t r a v e l e d ,  M=364.SeL. Note t h a t  t h i s  is - not  t h e  annual mi les  per  

household. Since  t h e  demand f o r  t r a v e l  - t r i p  o r i g i n o  - dctermincs tlie 

average number of t r a v e l e r s  l eav ing  t h e  home - d a i l y  passenger t r i p s  - 

t h e  a c t u a l  annual  passenger  miles  pe r  household f o r  t h e  va r ious  t r i p  pur- 

poses is  Mp=364.o0S.L. S i m i l a r l y ,  t h e  a c t u a l  anniia.1 v e h i c l e  mi les  pe r  

household i s  M =364.'(o/v) -S-L.  
v  

10.  T o t a l  Energy Deniaid (Btu/yr),E: The t o t a l  demand f o r  energy i n  each 

t r a n s p o r t a t i o n  purpose-mode ra tegory ,  E .T*M. 
u  
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Figure  6 .  Work t r i p  l eng ths  & d i s t a n c e  from t h e  core.  



TABLE 17 

TRIP LENGTH 

(miles)  

T r i p  Income Income Income 
Purpose Level 1 Level 2 Level 3, -- - Average 

Work 8.5 (-17%) 10.2 (-1%) 12.7 (+23%) 10.2 

Shop 6.2 (+7%) 5.6 5.4 (-4%) 5.6 

0 t h e r  8.9 (-10%) 1 0 . 8 ( + 9 % )  9.9 9.9 
- 

Average 8 . 3  (-6%) 8.9 (+1X) 9 . 7  (+lo%) 8 .8  

Note: Income Level 1: Low income 
Income Level 2 :  Middle income 
Income Level 3: High income 
The ( ) denotes  t h e  percentage change from t h e  

average t r i p  l e n g t h  f o r  each purpose.  



Fue l  Consumption 

11. Unit  Fuel Demand (Btu/veh.mi.),F ; The per  passenger-mile  f u e l  r equ i red  u 
t o  meet t h e  Uni t  Energy Demand (1 above). Fuel consumption depends upon 

t h e  end-use technology employed, such  a s  i n t e r n a l  combustion engines ,  

d i e s e l  engines ,  e t c .  The e f f i c i e n c y ,  e,  of each technology i s  t h e  r a t i o  

of demand t o  f u e l  consumption. 

Then, F =E / e .  
u u 

a .  O i l  t echnologies  have t h e  fol lowing e f f i c i e n c i e s :  

. I n t e r n a l  combustion enginecgasol ine)  0.20 

( d i e s e l )  0.30 

. D i e s e l  locomotive 0.30 

b .  Electric technologies  have the  fol lowing e f f i c i e n c i e s :  

. E l e c t r i c  auto/ t ruck/bus  0.70 

. E l e c t r i c  r a i l  1.00 

12.  T o t a l  Passenger Miles,b:  The t o t a l  passenger-miles t r ave led  u t i l i z i n g  

o i l  and e l e c t r i c  d r i v e n  v e h i c l e s ,  r e s p e c t i v e l y .  

13.  To ta l  Fue l  Consumption (Btu/yr) ,F:  The t o t a l  consumption of o i l  and 

e l e c t r i c i t y ,  r e s p e c t i v e l y ,  i n  each end-use category.  F=b-F . 
u 

14. Gallons,Kwh: These provide conventional measures of f u e l  consumption 

by taking column t o t a l s  i n  Btu and conversion f a c t o r s  t o  l.ndigenous 

measures of g a l l o n s  and Kwh (kilowatt-hoilrs) o f  nJ.1 and ~ l . e c t r i c i t y ,  

r e s p e c t i v e l y  . 

E. Data Sources f o r  Ver i fying Local Energy I n t e n s i t y  C o e f f i c i i e n t s  

There a r e  s e v e r a l  b a s i c  re fe rences  which a r e  u s e f u l  i n  t h e  construc- 

t i o n  of energy consumption f o r  land use and t r a n s p o r t a t i o n .  These a r e  
4  atte terns of Energy Consump t i o n  i n  the  United s ta te64 ,  "Sourcebook f o r  ' 

Energy Assessment," BNL 50453 (35) +he PEA P r o j e c t  Indapendencc rcpor ta  , (36) 

r e p o r t s  by t h e  Nat ional  Bureau of Standards,  (37) and Hittman Associa tes ,  (38) 

and t h e  Brookhaven "Energy Model Data Base". (39) The f i r s t  two 

a r e  b a s i c  documents which should be r e f e r r e d  t o  i n  o rder  t o  



understand t e c h n i c a l  f e a t u r e s  of energy conversion e f f i c i e n c i e s .  The Brook- 

haven "Energy Model Data Base," a r e c e n t l y  completed compila t ion of d a t a  on 

energy conversion e f f i c i e n c i e s ,  process  c o s t s ,  and p o l l u t a n t  emission c o e f f i -  

c i e n t s ,  i s  a p a r t i c u l a r l y  u s e f u l  r e f e r e n c e  source  s i n c e  i t  has been designed 

t o  provide d a t a  on technology d e s c r i p t o r s  i n  a format compatible w i t h  t h e  

worksheets developed above. Much of t h e  d a t a  i n  t h i s  f i l e  a r e  f o r  the year  

1970 and a r e  based on n a t i o n a l  average numbers. 

Region s p e c i f i c  d a t a  on the  r e s i d e n t i a l  s e c t o r  may be obta ined from 

census p u b l i c a t i o n s  inc lud ing  t h e  County and C i t y  Data ~ o o k ( ~ O )  Detai led  and 

General Housing C h a r a c t e r i s t i c s  !41) Pub l ic  Use samples !42) County Business 
(44) p a t  t e r n s  !43) and Department of Commerce, Bureau of Labor S t a t i s t i c s .  

For example, the  Pub l ic  Use Sample (PUS) of t h e  1970 Census may be  used a s  a 

primary source  of d a t a  on app l iance  ownership and household c h a r a c t e r i s t i c s .  

The PUS d i f f e r s  from o t h e r  forms of U.S. Census information.  It is  a repre-  

s e n t a t i v e  sample of t h e  records  d i r e c t l y  from census q u e s t i o n n a i r i e s ,  and 

t h e r e f o r e ,  many v a r i a b l e s  r e l a t e d  t o  energy may be c ross - tabu la ted .  The 

household c h a r a c t e r i s t i c s  descr ibed include:  app l iance  ownership; household 

income; s i z e ,  type,  and va lue  of dwell ing; county of res idence ;  s i z e  of 

family ,  r a c e ,  age, and c h a r a c t e r i s t i c s  of household members. The P u b l i c  Use 

Samples can be used independently t o  generate  u s e f u l  b a s i c  d a t a  on energy, 

economic, and s o c i a l l y  r e l a t e d  v a r i a b l e s ,  p a r t i c u l a r l y  t h e  breakdown of 

number of households by s t r u c t u r a l  type and by type of f u e l  f o r  e n t r y  i n t o  

t h e  R e s i d e n t i a l  Worksheet. 

The b e s t  sources  of energy d a t a  t o  v a l i d a t e  energy consumption i n  

homes u t i l i z i n g  n a t u r a l  gas and e l e c t r i c i t y  a r e  t h e  l o c a l  u t i l i t i e s .  They 

w i l l  genera l ly  have a v a i l a b l e  a household p r o t i l e  along t h e  l i n e s  of t h a t  

shown i n  Table 18.  Often,  however, t h e  gas  and/or e l e c t r i c  space h e a t  va lues  

from such sources  r e f l e c t  o l d e r ,  s m a l l e r ,  and perhaps seasona l  housing and 

t h e  i n d i c a t e d  consumption values  may n o t  be  appropr ia te  f o r  genera l  use  i n  t h e  

reg ion .  Tes t ing  t h e  accuracy of o i l - f i r e d  home u n i t  energy demands i s  

d i f f i c u l t  i n  most regions  because t h e  home hea t ing  f u e l  business  is extremely 

d i v e r s e  and competi t ive.  Local f u e l  d e a l e r s  w i l l  o f t e n  provide s u f f i c i e n t  

d a t a .  A second v a l i d i t y  t e s t  on a l l  d a t a  is  by check ing , separa te  v a l u e s  i n  



TABLE 18  

ANNUAL HOUSEHOLD ELECTRICITY DEMANDS - 1972 

6  10 Btu Kwh per  
R e s i d e n t i a l  Per  Uni t  Household S a t u r a t i o n  

(Space Heat) (51.2)' (15000) . 

Water Heat 16.4 4800 .04 

A i r  Condi t ioning 
C e n t r a l  11 .O 3200 .081 
Room 1.5 440 .73 

L igh t ing  4.4 1300 1 .OO 

R e f r i g e r a t o r  5 . 1  1500 . 1 .OO 

Major Appliances 10.1  3000 .39 

Miscellanecrus 
3  

4.9 1400 1.00 

To ta l ,  non-space h e a t  

Kwh per  
Household 

1400 

6670 Kwh 

' s ingle  family  

?washer, d r y e r ,  dishwasher,  f r e e z e r  

3 ~ e a t i n g  p l a n t ,  TV, srna1.l app l i ances  



each ca tegory  a g a i n s t  aggregated r e s i d e n t i a l  s e c t o r  energy demands. Local  

u t i l i t i e s  can provide  s u c h  d a t a  f o r  n a t u r a l  gas  and e l e c t r i c t y  i n  their . 

s e r v i c e  t e r r i t o r y ,  and o i l  companies o r  i n d u s t r y  i n s t i t u t e s ,  the equ iva len t  

va lues  f o r  o i l .  

Comparable energy d a t a  f o r  t h e  commercial s e c t o r  a r e  d i f f i c u l t  t o  

o b t a i n .  The P r o j e c t  Independence r e p o r t s  noted above con ta in  land use  in -  

v e n t o r i e s  f o r  commercial f l o o r s p a c e  and energy consumption d a t a  f o r  

d i f f e r e n t  types of commercial e s t ab l i shments .  More d e t a i l e d  engineer ing 

d a t a  on commercial s t r u c t u r e  energy consumption is  a v a i l a b l e  through con- 

s u l t i n g  f i r m ~ ! ~ ~ )  The "E Cube" programs of t h e  American Gas Associa t ion (46) 

a l s o  provide  t e c h n i c a l  s p e c i f i c a t i o n s  f o r  b u i l d i n g s .  The n a t u r a l  gas and 

e l e c t r i c i t y  s a l e s  d a t a  from l o c a l  u t i l i t i e s  prove less v a l u a b l e  s i n c e  most 

u t i l i t i e s  g e n e r a l l y  c l a s s i f y  u s e r s  by amount of consumption r a t h e r  than type 

of es tabl ishment  and do n o t  normally monitor t h e  use  p a t t e r n s  of i n d i v i d u a l  

customers . However, t h e i r  aggrega te  r e g i o n a l  s a l e s  do provide  o v e r a l l  

r e f e r e n c e  p o i n t s  f o r  t h e  worksheet a n a l y s i s .  

Energy consumption d a t a  f o r  t h e  i n d u s t r i a l  s e c t o r  a r e  a v a i l a b l e  

from many sources .  Q u a n t i t i e s  and types  of f u e l s  consumed by SIC Code i n  

SMSA's and by s t a t e  a r e  summarized i n  t h e  "Specia l  Fuels  Reportt t  of t h e  

Census of ~ a n u f a c t u r e r s . ' ~ ~ )  I n d u s t r i a l  usage can a l s o  be es t ima ted  by apply- 

i n g  t h e  r e g i o n a l  percentage of i n d u s t r i a l  ea rn ings  by a  SIC Code t o  t h e  

n a t i o n a l  f u e l  consumption of each i n d u s t r y  group ( s h i f t l s h a r e  method). Where 

d a t a  a r e  a v a i l a b l e  o n m d u s t r i a l  group d o l l a r  o u t p u t ,  s i m i l a r  s c a l i n g  can b e  

app l i ed .  Other p u b l i c a t i o n s  inc lude  d e t a i l e d  industry-by-industry and 

process-by-process d e s c r i p t i o n s  of energy u t i l i z a t i o n < 4 8 )  An EPA environmental  
( 4 9 )  

d a t a  base  con ta ins  consumption d a t a  by f u e l  type  a t  t h e  r e g i o n a l  o f f i c e  l e v e l .  

S t a t e  and l o c a l  agenc ies  concerned w i t h  i n d u s t r i a l  development, energy manage- 

ment, o r  environmental  p r o t e c t i o n  sometimes c o l l e c t  r e g i o n a l  d a t a  on i n d u s t r i a l  

f u e l  use .  F i n a l l y ,  gas and e l e c t r i c  u t i l i t i e s  o f t e n  have f u e l  consumption pro- 

f i l e s  f o r  i n d i v i d u a l ,  a s  w e l l  a s  c l a s s e s  o r  u s e r s .  This  d a t a  i s  o f t e n ,  however, 

no t  normally a v a i l a b l e  t o  t h e  p u b l i c .  

The Clean A i r  Act of 1970 has  r e s u l t e d  i n  a  g r e a t  d e a l  of p e r t i n e n t  . 

informat ion being gathered f o r  a  number of urban c e n t e r s  throughout t h e  country .  

Est imates  of t r a n s p o r t a t i o n  energy use  and emiss ions ,  a s  w e l l  a s  f u e l  use  f o r  



non-transportati ,on purpos.es is  provided i n  t h e  " A i r  Qua l i ty  Implementation 

I n  a d d i t i o n  the U.S . Depar trnent of Transpor ta t ion ,  through pub- Plans ' '  . 
l i c a t i o n s  such  a s  "Highway S t a t i s t i c s "  and "Nationwide Persona l  Transpor ta t ion  

Survey, "c51) provides  e x c e l l e n t  d a t a  on automobile and t r u c k  usage i n  t h e  U.S. 

The U .  S . Census of ~ r a n s p o r  tatioAs2' i s  another  u s e f u l  b a s i c  d a t a  source  

d e a l i n g  wi th  energy usage i n  t h e  t r a n s p o r t a t i o n  sect0.r .  

To v a l i d a t e  energy u s e  involving p u b l i c  t r a n s p o r t a t i o n ,  t h e r e  is  a  

v a r i e t y  of source  m a t e r i a l .  I n t e r s t a t e  r a i l r o a d s  a r e  genera l ly  requ i red  t o  

f i l e  y e a r l y  r e p o r t s  f o  s t a t e  p u b l i c  u t i l i t y   commission^^^^) These r e p o r t s  

c o n t a i n  informat ion on d i e s e l  fuel and e l e c t r i c i t y ~ c o n s u m e d .  The Army Corps 

(54) The of Engineers c o l l e c t s  d a t a  on v e s s e l  movements i n  and ou t  of p o r t s .  

Federa l  Aviat ion Adminis t ra t ion,  the C i v i l  Aeronautics Board, t h e  U.S. 

Department of. Transpor ta t ion  and s t a t e s '  Department of Transpor ta t ion  a l l  

c o l l e c t  d a t a  on f l i g h t  opera t ions  a t  a l l  major commercial a i r p o r t s .  I n  

a d d i t i o n ,  because .gaso l ine ,  j e t  f u e l ,  and o ther  motor v e h i c l e  f u e l s  u s u a l l y  

i n c u r  s t a t e  t axes ,  t h e  s t a t e  departments of t a x a t i o n  and f inance  u s u a l l y  

main ta in  monthly f u e l  consumption f i g u r e s  f o r  each of t h e s e  f u e l  types .  

F. Descr ip t ion  of t h e  Energy Supply-Distribution System 

The c h a r a c t e r i z a t i o n  of t h e  reg iona l  o; community energy supply- 

d i s t r i b u t i o n  system r e q u i r e s  t h e  assembly of d a t a  on t h e  c a p a c i t i e s  and 

l o c a t i o n s  of import  f a c i l i t i e s ,  e l e c t r i c  genera t ing  s t a t i o n s ,  and r e f i n e r i e s ,  

p i p e l i n e s ,  t r ansmiss ion  l i n e s ,  and s t o r a g e  u n i t s .  I t  al .so con ta ins  informat ion 

on flow of f u e l s ,  mode and l o c a t i o n  of e n t r y ,  and e x i s t i n g  i n v e n t o r i e s .  

Accompanying t h i s  r eg ion-spec i f i c  d a t a  base  a r e  c o e f f i c i e n t s  which d e s c r i b e  

environmental  emissions pe r  u n i t  of our energy product ion of consumption, 

and t h e  e f f i c i e n c i e s  of t h e  energy product ion,  conversion,  and consumption 

technologies  employed. 

The l e v e l  of d e t a i l  r equ i red  t o  desc r ibe  t h e  l o c a l  energy supply- 

d i s t r i b u t i o n  w i l l  depend on t h e  p n l i c y  ques t ion  i t  i s  intended t o  d e a l  wi th .  

Data r e l a t i n g  t o  t h e  mode of f u e l  e n t r y  i n t o  t h e  reg ion  i s  important i f  t h e  

i s s u e s  being examined involve t h e  assessment nf area-imposed c o n s t r a i n t s  on 

r e g i o n a l  energy s u p p l i e s .  The imposi t ion of such c o n s t r a i n t s  i n t e r a c t s  wi th  

l o c a l  land use  d e c i s i o n s  through zoning and environmental  r e g u l a t i o n s .  Fuel 



inventory data can provide a picture of the region's resilience to future 

shortages of specific fuel types. Enyironmental emission coefficients are 

useful in assessing the influence of energy production and consumption on 

overall air and water quality. 

In what follows we present a series of tables and graphs which are 

intended to illustrate the types of results which can be anticipated in 

characterising the energy supply-distribution system. We also idcntify 

local and national sources of information and data which may be used in 

constructing a local data base. The reader is referred to the "User's 

Guide for Regional Reference Energy Systems" (5) for constructing a data base 

describing the regional energy supply-distribution system. 

Fossil Fuel Supplies 

Tables 19 and 20 offer illustrative examples of gas and oil flow 

summary sheets used in the analysis of regional energy supplies. The data 

sources used in their preparation were both local and national and required 

estimation of the distribution of imported supplies throughout the service 

area. Fuel supply data by fuel type and by state are available from the 

U.S. Bureau of ~ine&!~) National Gas ~ssociation!~~) and the National Coal 

~ssociation!~~) The U.S. Corps of Engineers maintains the most comprehensive 

set of data on ship and barge movements of energy supplie&?*) Interstate 

shipments of oil products and natural gas are reported by pipeline companies 
60 to the Interstate Commerce  omm mission$^^) the American Petroleum ~nstituth, 

Association of Oil ~ipelineifl) and the Federal Power commissi&k?) In addition, 

other excellent initial starting sources include the FEA "Monthly Energy -- 

~euirw";~~) 011 and Gas .Journai6!) and "Hi~t~rlcal Energy Flows"-by Jack 
(65) Faucett Association. 

It is worth noting that the process of assembling information on 

regional fuel supplies is not a straight-forward one in most cases. Much of 

the required data lies in the private sector which limits accessability and 

even in cases where it is available, it is either not sufficiently disaggre- 

gated or the categories used do not correspond to neighboring political juris- 

dictions. The same limitations apply to many types of utility data, although 

in these cases utility regulatory overseers can be used as intermediaries in 



TABLE 19 

NATURAL GAS BALANCE - 1972 

( B i l l i o n s  of Cubic f t .) 
Supply S a l e s  

Purchases 67.221 R e s i d e n t i a l  28.148 

Storage Withdrawal 0.599 Commercial 13.129 

Manufactured Gas 0.210 Terminable 1.576 

I n t e r s y s  tern Exchange 0.243 I n t e r r u p t i b l e  6 .I30 

S u b t o t a l  68.273 S u b t o t a l  48.983 

Placed i n  S ~ o r a g e  -9.109 I n c e r n a l  Use 4.308 

Unaccounted f o r  -2.844 S a l e s  t o  Other 
U t i l i t i e s  3.029 

S u b t o t a l  -11.953 S u b t o t a l  56.320 

Net Supply 56.320 

Supply 

Waterborne 

TABLE 20 

NASSAU-SUFFOLK OIL BALANCE - 1972 

( m i l l i o n s  b a r r e l s )  

D i s t i l l a t e  Residual  Gasol ine  

17.7 18.6 26.8 

P i p e l i n e  
(cap.  70.1 m i l l .  b b l / y r )  35.6 - - 

Sub t o e a 1  53.3 18.6 26.8 

Less e s t ima ted  f low through 7.7 - - 
- 

T o t a l  45.6 18.6 26.8 

Demand 

End Use S a l e s  37.4 1.0 28.3 

S a l e s  t o  U t i l i t i e s  1 .2  19.7 - 
- - - 

T o t a l  38.6 

N r  l: Supply Uriaccuunted f o r  

L X C ~ S S  Cdtr i c i t  j 7 .O (2.1) (1.5) 

S to rage  Capaci ty  

O i l  D i s t r i b u t o r s  - - - -  8.2  t o t a l  - - - 
R e s i d e n t i a l  5.7 - - 
C o m e r c i a l - I n d u s t r i a l  5.7* - - 
U t i l i t y  neg l  . 2.4 - 

*Since commercia l - indust r ia l  annual  o i l  consumption i s  approximately 
equa l  t o  t h a t  of t h e  r e s i d e n t i a l  s e c t o r ,  we e s t i m a t e  s t o r a g e  
c a p a c i t y  a s  t h e  same a l s o .  



obta in ing  t h e  requ i red  d a t a .  

The n a t u r a l  gas balance sheet, Table 19,  i s  i n d i c a t i v e  of t h e  

aggregate  d a t a  obtained d i r e c t l y  from u t i l i t y  annual r e p o r t s  t o  the s t a t e  

r e g u l a t o r y  agency. It is worth no t ing  in this regard t h a t  the d e r i v a t i o n  of 

t h e  s a l e s ,  o r  supply f i g u r e s  i n  more disaggreated form t u r n s  ou t  t o  be  

d i f f i c u l t  and no t  ve ry  u s e f u l  f o r  t h e  purposes d e a l t  wi th  h e r e .  For 

example, a l though  r e s i d e n t i a l  s a l e s  can be  disaggregated by c l a s s  of use r  

based upon amount of t h e i r  consumption, this does n o t ,  i n  genera l ,  c o r r e l a t e  

w e l l  wi th  a  s t r u c t u r a l  breakdown of housing types .  

Data on o i l  movements a r e  shown i n  Table 20. A s  noted e a r l i e r ,  

waterborne shipments a r e  obta ined from t h e  Corps of Engineers '  r e p o r t s .  

P i p e l i n e  crude o i l  movements, i n  t h i s  case ,  were e s t a b l i s h e d  through p r i v a t e  

conversat ions  wi th  t h e  major l o c a l  o i l  handler .  "Flow through, I' which 

r e p r e s e n t s  o i l  d e l i v e r i e s  i n t o  t h e  region f o r  use  o u t s i d e  t h e  l o c a l  a r e a  

apparen t ly  does no t  appear i n  any records  and can only be e s t a b l i s h e d  from 

t h e  pe rsona l  knowledge of l o c a l  company o f f i c i a l s .  I n  genera l ,  however, 

such s a l e s  informat ion i s  c l o s e l y  guarded because of t h e  h igh ly  compet i t ive  

s t a t e  between o i l  d i s t r i b u t o r s .  Our es t imates ,  shown i n  Table 20, a r e  based 

upon a  worksheet a n a l y s i s  used t o  e s t a b l i s h  end use demands. F i n a l l y ,  

whi le  t o t a l  s t o r a g e  capac i ty  is  r e a d i l y  a v a i l a b l e  ( f o r  example i n  r e p o r t s  

t o  t h e  s t a t e  environmental c o n t r o l  agency) t h e  d i s t r i b u t i o n  of f u e l s  i n  

s t o r a g e  a t  any one time o r  on an annual b a s i s  is, f o r  t h e  most part ,  d i f f i c u l t  

t o  e s t a b l i s h  wi th  p rec i s ion .  

It i s  important t o  no te  t h a t  t h e  problems c i t e d  h e r e  a r e  no t  

n e c e s s a r i l y  t y p i c a l  of a l l  r eg ions .  Forexample, t h e  New England Regional 

Commssion has e s t a b l i s h e d  a  s e t  of petroleum t low accounts which con ta in  

d e t a i l e d  informat ion f o r  many of t h e  New England s t a t e s  on o i l  movements 

from e n t r y  i n t o  t h e  reg ion  t o  end use  d e l i v e r i e s .  I n  t h i s  case ,  working 

r e l a t i o n s h i p s  between t h e  o i l  i n d u s t r y  and a p p r o p r i a t e  governmental u n i t s  

i n  t h e  region have allowed t h e  cons t ruc t ion  of a  u s e f u l  d a t a  base.  

E l e c t r i c i t y  Generation and D i s t r i b u t i o n  

The in te rmedia te  conversion of raw f u e l s  t o  e l e c t r i c i t y  f o r  de- 

l i v e r y  t o  consumers i s  an e s s e n t i a l  p a r t  of t h e  r e g i o n a l  energy supply system. 



The d e s c r i p t i o n  of annual  e l e c t r i c i t y  product ion i s  t h e  informat ion t i e d  

most d i r e c t l y  t o  the energy demand a n a l y s i s  contained i n  t h e  worksheets.  

However, i n  o t h e r  i n s t a n c e s  peak and o f f  -peak genera t ion  requirements 

a s s o c i a t e d  w i t h  s p e c i f i c  p a t t e r n s  of development o r  w i t h  i n t r o d u c t i o n  of 

new technologies  may be  of i n t e r e s t .  S imi la r ly ,  environmental  i s s u e s  i n  

e l e c t r i c  power genera t ion  may come t o  t h e  f o r e  which would n e c e s s i t a t e  t h e  

c o l l e c t i o n  of s p e c i f i c  d a t a  on i n d i v i d u a l  c e n t r a l  generat ing s t a t i o n s  i n  

t h e  region.  

The b a s i c  system-wide d a t a  requ i red  t o  desc r ibe  t h e  e l e c t r i c  

genera t ion  s e c t o r  a r e s h o w n  i n  Table 21,. The. Federa l  Power Commission pub- 

l i s h e s  d e t a i l e d  annual d a t a  on t h e  opera t ions  of e l e c t r i c a l -  and gas u t i l i t i e s  

by company!66) bu t  t h e s e  d a t a  should be supplemented by more d e t a i l e d  in-  

format ion normally a v a i l a b l e  from s t a t e  u t i l i t y  r e g u l a t o r y  agencies.  (67) The 

genera l  d a t a  on f u e l  consumption and genera t ing  c h a r a c t e r i s t i c s  a r e  most 

u s e f u l  i n  c o n s t r u c t i n g  a p i c t u r e  of c u r r e n t  dependency upon f u e l s  which 

may be  s u b j e c t  t o  shor tages .  Power pool informat ion r e f l e c t s  the  e x t e n t  

t o  which e l e c t r i c  genera t ing  f a c i l i t i e s  wi th in  t h e  region a r e  more ( l e s s )  

than  s u f f i c i e n t  t o  s e r v i c e  t h e  l o c a l  community and, consequently,  expor t  

(import) e l e c t r i c i t y .  The res ident ia l -commercia l - indust r ia l  s a l e s  mix is  

an  important determinant of land p a t t e r n s  and of r a t e  s t r u c t u r e s  of u t i l i t y .  

systems. Large commercial-industrial  u s e r s  of t e n  have p r e d i c t a b l e  time-of- 

day consumption p a t t e r n s  which may permit  e f f i c i e n t  schedul ing of t h e  

u t i l i z a t i o n  of genera t ing  f a c i l i t i e s .  

Informat ion on i n d i v i d u a l  e l e c t r i c i t y  genera t ing  s t a t i o n s  i s  

a v a i l a b l e  from t h e  same d a t a  sources  c i t e d  above. Such d a t a  inc lude  f u e l  

type ,  h e a t  r a t e  ( e f f i c i e n c y  of f u e l  use ) ,  s u l f u r  emissions,  e t c . ,  which may 

be  u t i l i z e d  t o  begin  t o  a s s e s s  environmental  e f f e c t s .  We should n o t e ,  

however, t h a t  emissions a r e  c r i t i c a l l y  dependent upon a l a r g e  number of 

t e c h n i c a l  des ign  and opera t ing  parameters of t h e  pl.an.ts, and d e t a i l e d  s t u d i e s  

must r e l y  upon i n t e g r a t i o n  of plant spec i f i . c s ,  3.oca3, clj..matol.ogy, and p o l l u t a n t  

d i s p e r s i o n  models. Basic d a t a  and approaches t o  such environmental concerns 

are addressed i n  t h e  RES User's Guide noted e a r l i e r .  



I n s t a l l e d  c a p a c i t y ,  Kw 

Annual Fuel  Consumption 

TABLE 21 

ELECTRIC SYSTEM DATA 

Annual E l e c t r i c i t y  Genera t ion,  Kwh 

Transmission E f f i c i e n c y  

Power Pool:  Impor ts /Expor ts  

S a l e s :  R e s i d e n t i a l  

Commercial 

I n d u s t r i a l  

(% Baseload,  % I n t e r -  
med ia te ,  % Peak) 

(Fuel type ,  Btu c o n t e n t ,  
s u l f u r ,  a sh )  

(Kwh, avg.  cus tomers ,  r a t e s  
by customer c l a s s )  

(Kwh, avg.  cus tomers ,  r a t e s  
by customer c l a s s )  

Ra i l road  

S t r e e t  & Highway L i g h t i n g  

Pub l i c  A u t h o r i t i e s  

(Kwh, avg . customers , r a t e s  
by customer c l a s s )  



. . 

T H I S  PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



I V .  REGION AND COMMUNITY LAND USE - ENERGY 

ASSESSMENTS ; TWO EXAMPLES 

We have  chosen two c a s e s  t o  i l l u s t r a t e  t h e  p rocedures  d e s c r i b e d  

above. One - t h e  Nassau-Suffolk a r e a  of Long I s l a n d  i s  r e p r e s e n t a t i v e  of 

major  suburban r e g i o n s  throughout  the U.S. which have  undergone and con t inue  

t o  undergo majur growth  and development. Land u s e  a c t i v i t y  p a t t e r n s  have 

occu r red  i n  t h e s e  a r e a s  which a r e  t y p i f i e d  by low p o p u l a t i o n  d e n s i t i e s  and 

zoning which  h a s  l e a d  t o  a  wide-spread d i s p e r s a l  of  r e s i d e n t i a l ,  commercial,  

and i n d u s t r i a l  a c t i v i t i e s  and heavy r e l i a n c e  on automobi le  t r a v e l .  The 

economies i n  many of  t h e s e  a r e a s ,  w h i l e  s t i l l  h e a v i l y  dependent  on t h e  

p re sence  of  nearby  major m e t r o p o l i t a n  c e n t e r s ,  a r e  undergoing a t r a n s i t i o n  

t o  a  more s e l f - r e l i a n t  c h a r a c t e r .  From a n  energy  p e r s p e c t i v e ,  such  r e g i o n s  

are u s u a l l y  s t r o n g l y  dependent  on energy  impor t s ,  e i t h e r  i n  t h e  form of 

primary f u e l s ,  processed  forms s u c h  as e l e c t r i c i t y  and r e f i n e d  o i l  p r o d u c t s ,  

o r  i n  energy  embodied i n  m e t a l s  and p l a s t i c  used i n  manufac tur ing ,  cons t ruc -  

t i o n  m a t e r i a l s ,  and consumer p roduc t s .  Land u s e  a c t i v i t i e s  i n  t h e s e  suburban 

a r e a s  a r e  g e n e r a l l y  c h a r a c t e r i z e d  by t h e i r  h i g h  energy  consumption p e r  u n i t  

a c t i v i t y  l e v e l .  

The changing n a t i o n a l  energy  p i c t u r e  h a s  provided  t h e  o p p o r t u n i t y  

to p l a n n e r s  and p u b l i c  o f f i c i a l s  i n  t h e s e  a r e a s  t o  r e c o n s i d e r  t h e i r  l a n d  u s e  

p l a n s  and zoning p o l i c i e s ,  p a r t i c u l a r l y  a s  t hey  p e r t a i n  t o  p o l i c i e s  of  new 

r e g i o n a l  development. It h a s  a l s o  brought  abou t  a r e c o g n i t i o n  on t h e  p a r t  

of  a  number o f  consumer groups t h a t  t h e  d e l e t e r i o u s  e f f e c t s  and i n c r e a s e d  

r i s k s  t h a t  may accompany t h e  i m p o r t a t i o n ,  p r o c e s s i n g ,  and consiimption of  

cnergy a r e  a l l  t i e d  t o  e x i s t i n g  and f u t u r e  p a t t e r n s  o f  l a n d  use  develop- 

ment, a s  w e l l  as i n c r e a s i n g  t h e i r  awareness of  t h e  v u l n e r a b i l i t y  of t h e i r  

economies t o  the o n s e t  of f u e l  s h o r t a g e s .  Land use  p l a n n e r s  and p u b l i c  

o f f i c i a l s  r e a l i z e  t h e  b a s i c  c h a r a c t e r  of  s h o r t  and l o n g  t e r m  energy  and f u e l  

e x p e n d i t u r e s  w i l l  b e  e s t a b l i s h e d  by v i r t u e  of  land  u s e  p a t t e r n s .  Although 

the a p p l i c a t i o n  of l a n d  use /energy  a n a l y s i s  cons ide red  f o r  t h e  Nassau-Suffolk 

r e g i o n  i s  c e n t e r e d  on t h e  examinat ion  of  t h e  energy  demands a s s o c i a t e d  w i t h  

two s p e c i f i c  development s c e n a r i o s ,  t h e  d a t a  and i n f o r m a t i o n a l  b a s e  developed 



provide i n t e r e s t e d  p a r t i e s  w i t h  a means f o r  a s s e s s i n g  o t h e r  p a t t e r n s  of 

development. ~ n e r g y / l a n d  u s e  ana lyses  s i m i l a r  t o  t h a t  given below have 

a l r e a d y  been c a r r i e d  o u t  f o r  t h e  Washington Metropol i tan  a rea$2  ) and t h e  

g r e a t e r  New York C i t y  a r e g o  ) us ing  somewhat analagous procedures.  

An urban renewal des ign  f o r  Census t r a c t s  6 & 7 i n  Tucson, Arizona, 

was chosen a s  an  example of t h e  use  of t h e  manual worksheets and procedures * 
i n  connection w i t h  a s p e c i f i c  des ign  f o r  a smal le r  community. While a 

p r i n c i p a l  element i n  t h e  des ign o b j e c t i v e s  f o r  t h i s  s tudy r e l a t e s  t o  t h e  

goa l  of achievfng a s i g n i f i c a n t  redl.1rti.on i n  energy expendi tures  pe r  u n i t  

ul: land IICQ a c t i v i t y  growL11, t h e  prooedurps ~ i s e d  t o  e v a l u a t e  t h e  energy- 

s e n s i t i v e  f e a t u r e s  of t h e  proposed des ign  a r e  a p p l i c a b l e  t o  a wide range 

of land use  des ign s i t u a t i o n s .  I n  such  cases ,  t h e  accompanying energy ex- 

p e n d i t u r e  "budgets" may be used t o  spec i fy ,  f o r  example, the  expected i n c r e a s e  

i n  e l e c t r i c a l  demands t h a t  would accompany t h e  changes i n  land use ,  o r  t h e  

impacts of s u c h  changes on t h e  demand f o r  f u e l s  i n  s h o r t  supply i n  t h e  

surrounding reg ion .  

I n  t h i s  connection we have noted t h a t  t h e  no t ion  of r e q u i r i n g  an 

energy impact s t a tement  t o  accompany proposed land use des igns  i s  being 

considered by a number of s t a t e s  and m u n i c i p a l i t i e s .  Several  f e d e r a l  agencies,  

from whom approval o r  suppor t  i s  requ i red  b e f u ~ . e  such dccigns c a n  h e  imple- 

ment.ed, a r e  a l s o  d i s c u s s i n g  such impact eva lua t ions .  The f a c t  t h a t  energy 

impact s ta tements  can serve. a s  a meaus f o r  a l lowing fe r l e ra l ,  scoie,  and 

l o c a l  r e g u l a t o r y  u n i t s  arid p u b l i c  u L i l i t i c a  t n  a n t i c i p a t e  and r e g u l a t e  f u t u r e  

energy demands argues  f o r  t h e i r  becoming a p a r t  of f u t u r e  des ign impact 

asscocments. 

A. The Long I s l a n d  Nassau-Suffolk Region 

The Nassau-Suffolk reg ion  of Lung I s lnnd  con ta ins  a l l  t h e  land a r e a  

t o  t h e  e a s t  nf the boroughs of Queens and Brooklyn i n  New York Ci ty .  The 

* We acknowledge t h e  permission of Conklin & Rossant, and Flack & Kurez t o  
make generous use  p r i o r  t o  p u b l i c a t i o n  of t l l e i r  background m a t e r i a l ,  energy 
d a t a ,  and des igns  which a r e  p a r t  of a F.E.A. sponsored s tudy on "The I n t e r -  
a c t i o n  of Land U s e  and Energy Conservation." 



e n t i r e  a r e a  has  developed r a p i d l y  s i n c e  the end of World War 11, s t imula ted  

i n  p a r t  by an exodus of people, and t o  a  l e s s e r  e x t e n t  of industry,  from 

New York Ci ty .  The c u r r e n t  populat ion i n  t h e  two count ies  is  approximately 

2,500,000. By t h e  year 2000, t h i s  f i g u r e  i s  expected t o  be 4,000,000. 

The reg ion  now contains  some r e l a t i v e l y  high populat ion d e n s i t y  a r e a s  

c l o s e  t o  New York Ci ty  i n  Nassau County and t h e  western  p a r t  of Suf fo lk  

Couaty. 

The e a s t e r n  p a r t  of t h e  a r e a  though s t i l l  semi-rural  i n  c h a r a c t e r ,  

i s  t h e  a r e a  which is undergoing s u b s t a n t i a l  development. Large a r e a s  i n  t h i s  

e a s t e r n  s e c t o r  t h a t  were once e n t i r e l y  a g r i c u l t u r a l  a r e  being replaced by 

s i n g l e  and multi-family housing developments, shopping c e n t e r s ,  r e t a i l  

s t r i p s ,  and i n d u s t r i a l  parks .  This growth is  fol lowing t h e  c u r r e n t  o v e r a l l  

p a t t e r n  of urban sprawl i n  t h e  region,  which c o n s i s t s  mostly of detached 

single-family homes i n t e r s p e r s e d  w i t h  a  v a r i e t y  of r e t a i l  bus inesses ,  

commercial o f f i c e  bu i ld ings ,  and l i g h t  i n d u s t r i e s  s c a t t e r e d  along major high- - 

ways and in te rconnec t ing  roads .  (See Table 24 f o r  a  summary of t h e  c u r r e n t  

mix of land use a c t i v i t i e s . )  This s p a t i a l  d i s p e r s i o n  covers a  wide a r e a  of 

r e s i d e n t i a l ,  commercial, and i n d u s t r i a l  a c t i v i t i e s  make i t  d i f f i c u l t  f o r  

mass t r a n s i t  t o  compete wi th  t h e  p r i v a t e  automobile a s  a  means of 

pe rsona l  t r a v e l .  Although, a s  noted above, land use  development i n  t h e  

Nassau-Suffolk reg ion  i s  t y p i c a l  of many such a r e a s  surrounding major metro- 

p o l i t a n  a r e a s  i n  t h e  U.S., t h e  presence of i ts  l a r g e  c o a s t a l  a r e a s  have - and 

w i l l  cont inue t o  - i n f l u e n c e  i t s  development. These c o a s t a l  r eg ions  have,  

i n  t h e  main, been used f o r  r e s i d e n t i a l  and l e i s u r e / r e c r e a t i o n a l  purposes,  

which s e r v e  both  t h e  needs of l o c a l  r e s i d e n t s  and those  from t h e  g r e a t e r  New 

York area. They a l s o  provide t h e  I s l a n d  wi th  one of i t s  major income producing in -  

d u s t r i e s .  The c o a s t a l  a r e a s  a l s o  a r e  t h e  source  of a  major s h e l l  f i s h  indus t ry .  

Planning f o r  t h e  use  of t h e  undeveloped and underdeveloped p o r t i o n s  of t h e  

c o a s t  r e f l e c t  a  s t r o n g  i n t e r e s t  on t h e  p a r t  of b o t h  p u b l i c  and p r i v a t e  groups 

t o  i n s u l a t e  t h e s e  c o a s t a l  a r e a s  from any f u r t h e r  d e l e t e r i o u s  impacts of de- 

velopment i n  o ther  p a r t s  of t h e  I s l a n d .  Such concerns r e l a t e  d i r e c t l y  t o  

r e g i o n a l  d e c i s i o n s  now tak ing  p l a c e  regard ing  t h e  l o c a t i o n  of l a r g e  n u c l e a r -  

powered e l e c t r i c  generat ing f a c i l i t i e s  on t h e  c o a s t  and t h e  cons t ruc t ion  of 

a d d i t i o n a l  f a c i l i t i e s  f o r  waterborne d e l i v e r i e s  of f u e l  o i l  products .  



Our a p p l i c a t i o n  of energybmd use  a n a l y s i s  i n  the Nassau-Suf f  o l k  

c a s e  i s  d i r e c t e d  toward s e v e r a l  s p e c i f i c  i s s u e s  and i n d i r e c t l y  t o  a  l a r g e r  

number of more genera l  ques t ions .  The s p e c i f i c  i s s u e s  p e r t a i n  i n  p a r t  t o  

t h e  e x i s t i n g  Bi-County Master P lan  f o r  f u t u r e  development of t h e  area .*  This 

p lan ,  prepared by t h e  Nassau-Suffolk Regional Planning Commission, op t s  f o r  a  

comparatively new p a t t e r n  of land use development i n  t h e  underdeveloped 

p o r t i o n s  of t h e  region a s  an a l t e r n a t i v e  t o  t h e  con t inua t ion  and extension 

of Urban Sprawl (US). Labeled a s  Cor r idors ,  C l u s t e r s ,  and Centers (CCC) i n  

t h e  scenar io  d e s c r i p t i o n  below, this p l a n  would n o t  only seek  t o  r e t a i n  the  

undeveloped c o a s t a l  a r e a s  f o r  r e c r e a t i o n a l ,  commercial, and s h e l l  

f i s h i n g  purposes,  b u t  i t  would s t i m u l a t e  t h e  development of a few re1 ati.ve1.y 

h i g h  populat ion d e n s i t y  c e n t e r s  connected by highway and mass t r a n s p o r t  net -  

works. The energyl land use  a n a l y s i s ,  which i s  b u i l t  around t h e  examination 

of t h e  p ro jec ted  energy demands assoc ia ted  wi th  t h e  Urban Sprawl and 

Cor r idor ,  C l u s t e r s  and Centers scenar ios  f o r  development, a r e  intended t o  

provide inpu t  t o  d e c i s i o n s  now being taken by l o c a l  planning boards bear ing 

on t h e s e  a l t e r n a t i v e  p a t t e r n s  of development. 

Related t o  t h e  above,are  t h e  choices  f a c i n g  t h e  reg ion  f o r  i n s u r i n g  

a n  "adequate" long term supply of energy. The c o n f l i c t  between a l t e r n a t i v e  

p a t t e r n s  of r e g i o n a l  growth and t h e  requ i red  r e g i o n a l  energy system i n f r a -  

s t r u c t u r e  a r e  t h e  f o c a l  p o i n t s  of t h e  debate  by u t i l i t i e s ,  governmental u n i t s ,  

and p u b l i c  and p r i v a t e  i n t e r e s t s .  These debates  focus  on t h e  cons t ruc t ion  of 

a d d i t i o n a l  nuclear  f a c i l i t i e s ,  t h e  explmi.tation ~f  of f  -shore o i l ,  and t h e  

c o n s t r u c t i o n  of deepwater p o r t  and s t o r a g e  f a c i l i t i e s  f o r  o i l  and l i q u i d  

n a t u r a l  gas. To t h e  e x t e n t  t h a t  t h e  use of land l i m i t s  both  t h e  op t ions  f o r  

c o n s t r u c t i n g  t h e s e  f a c i l i t i e s  o r  u t i l i z i n g  t h e i r  a v a i l a b i l i t y  (as i n  t h e  case  

of off -shore  o i l )  and t h e  i n c r e a s e s  i n  p ro jec ted  f i n a l  energy demand, t h e  

s c e n a r i o  analyses  e n t e r  d i r e c t l y  i n t o  t h e s e  d e l i b e r a t i o n s .  

A Wu are indcbccd ro the s t a f f  o t  the Nassau-SufIulk Reglurial Planning 
Commision and t h e  Nassau and S u f f o l k  County Planning Boards f o r  t h e i r  time 
and e f f o r t s  spen t  i n  f a m i l i a r i z i n g  us w i t h  t h e  r e s u l t s  and a n a l y s i s  t h a t  
went i n t o  producing t h e  master p lan .  We a r e  e s p e c i a l l y  thankfu l  t o  D r .  T4ee 
Koppelman f o r  t h e  i n t e r e s t  he has shown i n  our s tudy.  



The genera l  i s s u e s  surrounding these s p e c i f i c  concerns a r e  numerous 

and complex. They invo lve  n o t  only  t h e  c o n t r o l  of growth b u t  i t s  r e s t r i c t i o n .  

While the f u t u r e  a v a i l a b i l i t y  of adequate sewage f a c i l t i e s  , schoo l s ,  roads ,  

r e c r e a t i o n a l  a r e a s ,  and water  r e sources ,  have been enumerated a s  f a c t o r s  

i n  suppor t  of t h e  adopt ion of s u c h  c o n t r o l l e d  o r  no-growth p o l i c i e s ,  r e g i o n a l  

energy cons ide ra t ions  a r e  a l s o  involved.  The knowledge t h a t  energy-based a r -  

guments can be  used a s  -a suppor t ive  argument f o r  l i m i t i n g  popu la t ion  i n f l u x  is  

becoming apparen t  t o  many communities and sugges t s  a  f u r t h e r  use  f o r  energy1 

land use  a n a l y s i s .  Thus t h e  r e s u l t s  obta ined i n  t h e  c a s e  example, whi le  

s p e c i f i c  t o  t h e  Nassau-Suffolk r e g i o n ,  can have s i g n i f i c a n t  i m p l i c a t i n n s  f o r  

t h e  country  a s  a  whole. 

The g e n e r a l  o u t l i n e  we have used t o  p r e s e n t  t h e  Nassau-Suffolk 

r e s u l t s  a r e  in tended t o  d e t a i l  t h e  opera t ions  and procedures t h a t  would be 

used i n  any region.  A b a s i c  d a t a  base  is  prepared d e s c r i b i n g  t h e  e x i s t i n g  

p a t t e r n s  of r e g i o n a l  energy expend i tu res  us ing  t h e  worksheets o u t l i n e d  i n  

Chapter 111. Data and informat ion a r e  c o l l e c t e d  and assembled i n  t a b u l a r  

form which e s t a b l i s h  t h e  p ro jec ted  mix of land uses  and t h e  b a s i c  t r anspor ta -  

t i o n  s e c t o r  d e s c r i p t o r s *  f o r  each of t h e  s c e n a r i o s .  New energy worksheets a r e  

prepared f o r  each s c e n a r i o .  Taken t o g e t h e r , t h e  worksheets and accompanying 

t a b l e s  and graphs s e r v e  a s  t h e  b a s i c  energy in fo rmat iona l  base  f o r  e v a l u a t i n g  

and a s s e s s i n g  developmental op t ions .  

It i s  important  t o  emphasize t h a t  t h e  c a s e  example developed h e r e  

f o r  t h e  Nassau-Suffolk reg ion  is  designed p r i m a r i l y  a s  a  means of i l l u s t r a t i n g  

t h e  p r a c t i c a l i t y  of u t i l i z i n g  t h e  methodology developed i n  t h e  workbook. Thus, 

whi le  we have at tempted t o  adopt r e a l i s t i c  v a l u e s  f o r  our s c e n a r i o  parameters ,  

t h e  r e s u l t s  and f i n d i n g s  should only be t r e a t e d  a s  p re l iminary  i n  n a t u r e .  It 

is  c l e a r  t h a t  were t h e  r e g i o n  t o  under take  i t s  own energyl land use  assessment,  

f u r t h e r  e f f o r t s  would be  needed i n  e s t a b l i s h i n g  r e f i n e d  s e t s  of t h e s e  i n p u t  

v a l u e s .  

* To t h e  e x t e n t  t h e  o f f i c i a l  p lanning boards i n  this r e g i o n  have expended 
cons ide rab le  e f f o r t  i n  examining f u t u r e  economic development i n  t h e  reg ion ,  
t h e  l e v e l  of d e t a i l  of our  in fo rmat iona l  i n p u t  may not be  t y p i c a l  of s i m i l a r  
regions  around t h e  country.  Where such  s p e c i f i c  informat ion is  not  a v a i l a b l e  
t o  express  r e g i o n a l  g o a l s  and p re fe rences ,  o t h e r  means have t o  be used t o  
genera te  s t a r t i n g  va lues  f o r  t h i s  k ind of a n a l y s i s .  



C h a r a c t e r i s t i c s  of t h e  ~ e g i o n ' s  Energy Supply & D i s t r i b u t i o n  System* 

The p a t t e r n s  of energy f u e l  u s e  i n  the Nassau-Suffolk reg ion  a s  shown 

in Figure  1, is t y p i c a l  of t h a t  of a number of major met ropo l i t an  reg ions  i n  

the Northeast .  I ts primary supply of energy is  der ived from o i l  imported i n t o  

the a r e a  from f o r e i g n  sources .  A s  shown i n  Table 20 (Chapter 111) ,  almost 

a l l  of  this o i l  is i n  t h e  form of r e f i n e d  o i l  products  de l ive red  t o  t h e  re-  

g ion by e i t h e r  waterborne shipments us ing l o c a l  p o r t s ,  p i p e l i n e s  t r a v e r s i n g  

t h e  c e n t r a l  c o r e  of t h e  region,  o r  by t r u c k  f o r  l o c a l  d i s t r i b u t i o n .  Because 

t h e  1973-74 o i l  embargo demonstrated t h e  extreme v u l n e r a b i l i t y  of che 

r e g i o n ' s  economy and l i f e - s t y l e  t o  sudden d i s r u p t i o n  i n  t h i s  supply,  ex- 

panded c e n t r a l i z e d  s t o r a g e  c a p a c i t i e s  a r e  being given s e r i o u s  cons idera t ion .  

b n  and i f  off -shore  o i l  becomes a v a i l a b l e ,  i t s  use  would a l s o  involve a 

f u r t h e r  expansion of p o r t  f a c i l i t i e s .  The n a t u r a l  gas used i n  t h e  reg ion  

is f a r  below n a t i o n a l  averages ,  due i n  p a r t  t o  the  increased t ransmiss ion 

c o s t s  of n a t u r a l  gas from i t s  domestic sources  and t h e  h i s t o r i c a l  dependence 

on f u e l  o i l  f o r  home h e a t i n g  t h a t  developed i n  the  e r a  of inexpensive  o i l .  

Coal use  i n  t h e  region has  been l i m i t e d  by both  t h e  d i f f i c u l t i e s  a t t e n d e n t  

t o  i ts  d e l i v e r y  from d i s t a n t  sources  and t h e  presence of environmental 

s t andards  which l i m i t  p o l l u t a n t  emission ' l e v e l s .  

E s s e n t i a l l y  a l l  t h e  e l e c t r i c i t y  supp l ied  t o  t h e  Nassau-Suffolk 

r e g i o n  i s  produced by a s i n g l e  u t i l i t y  - t h e  Long I s l a n d  L igh t ing  Company - 
w i t h  e l e c t r i c  genera t ing  f a c i l i t i e s  loca red  on Lhe Islal id.  The 1372 b~cnlc- 

down of e l e c t r i c i t y  s a l e s  by customer c a t e g o r i e s  is shown i n  Table 22 and 

average f u e l  mix used t o  generate  t h i s  e l e c t r i c i t y  i n  Table 23 ,  where t h e  

comparable f u e l  mix averages a r e  shown f o r  New York S t a t e  and t h e  U.S. A s  

shown i n  Table 23, t h e  r e s i d e n t i a l  s e c t o r  accounts f o r  a much g r e a t  f r a e c i o n  

of e l e c t r i c a l  use i n  t h e  region than i t  does e i t h e r  i n  New York S t a t e  o r  i n  

t h e  n a t i o n  a s  whole. This is  due both  t o  t h e  absence of major i n d u s t r i e s  us ing 

e l e c t r i c i t y  and t h e  presence of a s i z a b l e  number of "bedroom" r e s i d e n t i a l  areas 

on t h e  I s l a n d .  A s  noted i n  Table 23, almost a l l  e l e c t r i c i t y  i n  t h e  region is  

produced by f o s s i l  steam using o i l .  Gas t u r b i n e s  a r e  used t o  meet peak demands. 

* This s e c t i o n  is based,  i n  p a r t ,  on work being performed by BNL f o r  ERDA 
and the Long I s land  Light ing Company. 



TABLE 22 

ELECTRICITY SALES BY CUSTOMER CATEGORY - 1972 

(Percent  of T o t a l  Sa les )*  

Category U.S. N .Y.S ta te  LILCO - 
R e s i d e n t i a l  32.4 29.3 46.5 

Commercial 23 .O 29 .O 51.8 
I n d u s t r i a l  40.5 29.8 

0 t h e r  2.7 7.6 1 .7  

*Totals  may no t  add t o  100% because  of rounding. 

Sources:  Edison E l e c t r i c  I n s t i t u t e ,  S t a t i s t i k a l  
Yearbook of t h e  E l e c t r i c  U t i l i t y  I n d u s t r y  
f o r  1972. 

LILCO Annual Repor ts  t o  t h e  NY P u b l i c  
Se rv ice  Commission. 

TABLE. 23 

FUEL M I X  FOR ELECTRICAL GENERATION 

U.S., N.Y. STATE AND LONG ISLAND 

(Percent)  

Fuel  - U.S. N . Y . S t a t e  L o n g I s l a n d  

Hydro 15.6 26.9 0 

Fossil Steam 80.9 66.5 95.2 

Nuclear Steam 3.1 6 . 3  

Gas Turbine 0.4 0 .2  

Note: T o t a l s  may no t  add t o  100% because  of rounding,  



A s  noted above, LILCO, t h e  r e g i o n a l  u t i l i t y ,  has  undertaken a  

major program t o  c o n s t r u c t  s e v e r a l  l a r g e  nuc lea r  genera t ing  f a c i l i t i e s  a s  

a  means of reducing t h e  r e g i o n ' s  s u b s t a n t i a l  dependence on f o r e i g n  o i l  

imports .  Nuclear-fueled e l e c t r i c i t y  is thus  due t o  become the major source  

of the r e g i o n ' s  e l e c t r i c a l  supply over t h e  n e x t  s e v e r a l  decades,  i f  t h e s e  

f a c i l i t i e s  a r e  approved and b u i l t  a s  planned.  

Scenar ios  f o r  Future  Land Use Development i n  t h e  Nassau-Suffolk Region 

We adopt  two b a s i c  s c e n a r i o s  t o  d e s c r i b e  t h e  o u t s i d e  range of f u t u r e  

l and  use  development i n  t h e  Nassau-Suffolk r e g i o n  through t h e  year  2000. 

The p ro jec ted  v a l u e s  f o r  t h e  b a s i c  r e g i o n a l  development parameters a r e  t h e  

same f o r  b o t h  s c e n a r i o s .  These inc lude  popu la t ion ,  commercial f l o o r s p a c e ,  

i n d u s t r i a l  employment, number of housing u n i t s  t o  be  r e q u i r e d ,  and t r i p  

genera t ion  r a t e s .  These parameters a r e  l i s t e d  i n  Table 24 . 1972 was used 

a s  t h e  base  yea r  from which a l l  p r o j e c t i o n s  were made. 

Scenar io  I : "Continuation of Urban Sprawl" (US) 

Th i s  s c e n a r i o  assumes t h e  con t inu ing  growth of e x i s t i n g  r e g i o n a l  p a t t e r n s  

of land use  development. More s p e c i f i c a l l y ,  t h i s  means a  c o n t i n u a t i o n  

of t h e  p r e s e n t  d i v i s i o n  of housing types  between s ingle-family  detached 

and th.e v a r i o u s  types  of mult i-family dwel l ings .  With r e s p e c t  t o  t h e  

p r o j e c t e d  m i x  of i n d u s t r i e s ,  w e  assume t h e  p r e s e n t  s l i g h t l y  inc reased  

t r end  toward t h e  development of medium energy i n t e n s i v e  i n d u s t r i e s  w i l l  

p e r s i s ? .  We assume a  growth r a t e  of 2%/yr i n  commercial. f l o o r s p a c e  i n  

t h e  reg ion  which r e f l e c t s  a  c o n t i n u a t i o n  of p a s t  t r e n d s .  We f u r t h e r  

assume t h e  s p a t i a l  p a t t e r n  of development of this a d d i t i o n a l  commercial 

f l o o r s p a c e  w i l l  correspond t o  what h a s  occured i n  t h e  p a s t ,  i . e .  i t  i s  

widely  d i spe r sed  a long primary and se'condary roads .  I n  t h e  US s c e n a r i o ,  

ncw road cono t ruc t ion  i~ a ~ ~ u m e d  t o  develop i n  the qussf-random p a t t e r n  



of p a s t  yea rs  w i t h  no s u b s t a n t i a l  changes i n  mass t r a n s i t  sys tems.  

Scenario 11: Corr idors ,  C l u s t e r s  and Centers" (CCC) 

This s c e n a r i o  i s  based on the des ign  f o r  new a r e a  development published 

i n  t h e  1985 Master P lan  by t h e  Nassau-Suffolk-Regional Planning 

Commission. ~ u t u r e  development is seen a s  occur ing p r imar i ly  i n  t h e  

undeveloped e a s t e r n  p o r t i o n  of Long Island, where i t  w i l l  be confined 

f o r  the most p a r t  t o  c l u s t e r e d  r e s i d e n t i a l  neighborhoods and medium 

and l a r g e  multi-use c e n t e r s  which .wi l1  provide t h e  s e r v i c e ,  commercial, 

t r a n s p o r a t i o n ,  educa t iona l ,  h e a l t h ,  r e c r e a t i o n a l ,  and some of t h e  em- 

ployment needs of t h e  r e g i o n ' s  i n h a b i t a n t s .  I n  order  t o  p rese rve  t h e  

c o a s t a l  a r e a  of t h i s  r e g i o n  f o r  r e c r e a t i o n a l  qurposes ,  major t r a n s i t  

c o r r i d o r s  a r e  r e s t r i c t e d  t o  t h e  cen te r  s p i n e  of t h e  I s l a n d .  

The b a s i c  l o c a t i o n  of t h e  c o r r i d o r s ,  c l u s t e r s ,  and c e n t e r s  which w i l l  

s e r v e  t h e  needs of t h e  p ro jec ted  populat ion i n  t h e  newly developed 

a r e a s  of t h e  Nassau-Suffolk reg ion  a r e  s e t  down i n  t h e  reg iona l  master 

p lan.  The p lan  a l s o  s p e c i f i e s  t h e  approximate s i z e  of t h e  c l u s t e r s  

and c e n t e r s  and m i x  of a c t i v i t i e s .  

To o b t a i n  d e t a i l e d  v a l u e s  f o r  t h e  p ro jec ted  mix of types i n  t h e  

r e s i d e n t i a l ,  commercial, and i n d u s t r i a l  s e c t o r s ,  we have util.i .zed 

s t r a i g h t - l i n e  e x t r a p o l a t i o n  of t h e  land use des ignated i n  t h e  1985 

Master P lan  t o  o b t a i n  a  base of informat ion f o r  t h e  year  2000. This 

procedure a l lows us t o  a r r i v e  a t  a  s e t  of year  2000 p ro jec ted  land 

use a c t i v i t i e s  which a r e  b a s i c a l l y  c o n s i s t e n t  wi th  t h e  type and 

charac te r  of t h e  land use des ign suggested i n  t h e  Master Plan.  For 

t h e  r e s i d e n t i a l  s e c t o r ,  t h i s  p laces  a  r e s t r i c t i o n  on both  t h e  number 

and t h e  l o c a t i o n  of s ingle-family  detached dwel l ings .  We have a l l o c a t e d  

new c o n s t r u c t i o n  of t h e  o ther  dwel l ing types equa l ly  i n t o  each of t h e  

o t h e r  r e s i d e n t i a l  c a t e g o r i e s  -- s i n g l e  family  a t t ached ,  low r i s e  and 

high rise apartments.  We have l i m i t e d  t h e i r  l o c a t i o n  t o  t h e  des ignated 

c e n t e r s  and c l u s t e r s .  With r e s p e c t  t o  t h e  commercial s e c t o r ,  t h e  major 

d i f f e r e n c e  between t h e  two scenar ios  is  the s h i f t  of a l l  r e t a i l  commercial 

f l o o r s p a c e  development t o  mal .1~ loca ted  i n  o r  near  t h e  c e n t e r s  and 



TABLE 24 

Popu la t ion  

REGIONAL DEVELOPMENT PARAMETERS 
1972 2000 - 

2,674,000 4,080,000 

. number. o f  households 747,600 1,320,000 

Commercial Floorspace . lo6  sq  .f t . 345.7 601.9 

Number of I n d u s t r i a l  Employees 160,000 189,000 
9 T o t a l  Passenger Miles Traveled (x 1 0  ) 16 .0 30 .O 

P ro jec ted  Land Use Growth* 

E x i s t i n g  Urban Cor r idors ,  
Land Use Sprawl C l u s t e r s  and 

Housing Mix (%) Cenrers  

S i n g l e  f ami ly  detached 84 84 2 5 
S i n g l e  f ami ly  a t t a c h e d  7 7 2 5 
Low r i s e  5 5 25 
High r i s e  4 4 2 5 

R e s i d e n t i a l  Heat ing 
Fuel  Mix (%) 

O i l  79 100 100 
E l e c t r i c  - 2 .  - - 
Gas 19 - - 

Commercial Floorspace 
( m i l l i o n  s q . f t . ) .  

Off i c e  35.7 26.5 26.5 
Re t a i l  ( t o t a l )  (108 .O) (80.0) (80.0) 

Mall  - 5.4 . ,  4 .O 80 .O 
Airached 24 .O 20 .O - 
St r i -p  75.6 56 .O - 

School 66.2 49.1 49.1 
H p s p i t a l  . 27.2 20.2 20.2 
0 d ~ e r  108.6 80.5 80.5 

K e t a i l  ,Land Use 
(Pe rcen t  o f  a d d i t i o n a l  space)  

Mall  5 100 
Attached , 25 - 
S t r i p  70 - 

I n d u s t r i a l  ~ m ~ l o ~ m e n t  Mix (%) ' ' 

Ligh t  I n d u s t r y  9 0 90 9 5 
. Medium I n d u s t r y  10 10 5 

Veh ic le  Miles  Traveled 
by Mode and Pl!rpos!' (%) 

Work 
Auto 60 60 40 
Bus 1 0  10 30 
Car 30 30 30 

Shop 
Auto 100 100 50 
Bus - - 4 0 
Walk - - 10 

Other 
Auto 100 100 60 
Bus - - 30 
Walk - - 1 0  

*Represents c h a r a c t e r i s t i c s  of t h e  growth between 1972 and 2000. 
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c l u s t e r s .  Me assume, however, t h e  same 2%/yr o v e r a l l  growth r a t e  f o r  

commercial f l o o r s p a c e  i n  b o t h  scenar ios .  The presence of p ro jec ted  

c e n t e r s  and c l u s t e r s  i n  this scenar io  i s  c o n s i s t e n t  w i t h  our assumptibns 

regarding the s u b s t a n t i a l l y  increased use of mass t r a n s p o r t a t i o n .  It 

a l s o  l eads  t o  changes i n  t h e  t o t a l  v e h i c l e  mi les  t r ave led  brought about 

by the g r e a t e r  dens i ty  of . l and  use  a c t i v i t i e s .  

Base Case and Scenar io  Enerpy Worksheets 

The c o l l e c t i o n  and assembly of d a t a  i n  t h e  energy worksheet form 

required t o  c h a r a c t e r i z e  t h e  energy end use demands f o r  t h e  base  case  and two 

land use  development scenar ios  a r e  o u t l i n e d  i n  this s e c t i o n .  For t h e  most 

p a r t ,  t h e  d a t a  sources  a r e  those  l i s t e d  i n  t h e  p e r t i n e n t  s e c t i o n s  of Chapter 

LIT. Where s u c h  sources  were e i t h e r  missing o r  inappropr ia te ,  parameters 

were es t imated us ing procedures descr ibed i n  t h e  foo tno tes  t o  t h e  worksheets. 

A summary of d a t a  and informat ion sources  used h e r e ,  a s  w e l l  a s  s p e c i f i c  page, 

t a b l e ,  and o t h e r  c i t a t i o n s  t o  i t e m s  u t i l i z i n g  t h e s e  sources  a r e  catalogued 

in t h e  worksheet foo tno tes .  

There a r e  s e v e r a l  genera l  a s p e c t s  of t h e  d a t a  c o l l e c t i o n  e f f o r t  

which should preceed the p r e s e n t a t i o n  of t h e  worksheets. I n  most a r e a s  of 

t h e  country ,  t h e  planner  w i l l  f i n d  t h a t  r e s i d e n t i a l  s e c t o r  a n a l y s i s  i s  s t r a i g h t -  

forward. Data sources  a r e  abundant and s u f f i c i e n t l y  disaggregated . These have 

been used in our p repara t ion  of t h e  r e s i d e n t i a l  worksheet and a r e  footnoted.  

I n  t h e  c o m e r c i a l  s e c t o r ,  f loorspace  a l l o c a t i o n s  by type of es tabl ishment  - 
o f f i c e ,  r e t a i l  mal l ,  r e t a i l  s t r i p ,  o t h e r  - a r e  seldom a v a i l a b l e  i n  t h e  d e s i r e d  

form and l e v e l  of d e t a i l .  I n  t h e  Nassau-Suffolk a n a l y s i s  we r e l i e d  on a  number 

of independent s t u d i e s  of commercial f loorspace  breakdowns t o  form a  composite 

es t imate .  W e  have a l s o  u t i l i z e d  l o c a l  u t i l i t y  and consu l t ing  f i r m  s t u d i e s  t h a t  

contained informat ion on f u e l  usage i n  t h e  commercial s e c t o r .  However, s i n c e  

t h e  informat ion on commercial f loorspace  and f u e l  usage v a r i e s  from one reg ion  

t o  another ,  t h e  es t imates  on f loorspace  and f u e l s  shown below f o r  t h e  commercial 

s e c t o r  i n  t h e  Nassau-Suffolk r e g i o n  may no t  be a p p l i c a b l e  i n  o t h e r  a reas .  . 

Employment breakdown by i n d u s t r y  type is  a v a i l a b l e  i n  published form 

f o r  most a r e a s .  We have used informat ion obta ined from t h e  Census of Manufact- 

u r e r s  and t h e  U.S. Department of Commerce, County Business P a t t e r n s ,  1971. Fuel  



m i x  in i n d u s t r y  has  been es t imated from a  knowledge of end use  purposes f o r  

f u e l  consumption i n  t h e  region.  

Basic t r a n s p o r t a t i o n  parameters a r e  obta ined u t i l i z i n g  t h e  

c a l i b r a t i o n  procedures ou t l ined  in Chapter 111. A s  w i t h  most a r e a s ,  

a v a i l a b l e  t r a n s p o r t a t i o n  surveys  i n  t h e  region a r e  no t  r ecen t .  They can be  

u t i l i z e d ,  a s  we have done here ,  t o  p rov ide  b a s e l i n e  da ta .  More r e c e n t  l o c a l  

surveys  a r e  then used t o  check t h e s e  r e s u l t s .  CIn genera l ,  i t  i s  d i f f i c u l t  

t o  d e t a i l  t r a n s p o r t a t i o n  usage beyond this p o i n t  wi thout  t h e  genera t ion  of 

new d a t a .  'This i s  p a r t i c u l a r l y  t r u e  if recen t  i n c r e a s e s  i n  gaso l ine  p r i c e s  

haye p r ~ d u c e d  marked changes i n  personal  t r a n s p o r t a t i o n  h a b i t s  of i n d i v i d u a l s  

and households. ) 

Base Case Worksheets are given i n  Tables 25,26,27, and 28 f o r  t h e  

r e s i d e n t i a l ,  commercial, i n d u s t r i a l ,  and t r a n s p o r t a t i o n  s e c t o r s .  These work- 

s h e e t s  were prepared us ing t h e  1972 land use informat ion provided i n  Table 24 

and t h e  c o e f f i c i e n t s  and procedures descr ibed i n  Chapter 111. The breakdown 

of f u e l s  used i n  t h e  Nassau-Suffolk reg ion  a r e  shown i n  Table 29. Noteworthy 

i s  the heavy use of energy i n  t h e  r e s i d e n t i a l  s e c t o r  which is  s u b s t a n t i a l l y  

ahove the n a t i o n a l  average and t h e  comparatively smal l  use of energy i n  

i n d u s t r y ,  which is f a r  below t h e  n a t i o n a l  average.  Transpor ta t ion ,  which 

accounts  f o r  only  11% of t o t a l  energy end use demand accounts f o r  40% of t h e  

o i l  consumed i n  t h e  reg ion  - which r e f l e c t s  t h e  i n e f f i c i e n c y  of automobiles 

and o t h e r  t r a n s p o r t a t i o n  equipment. O i l  i s  t h e  primary f u e l  used f o r  hea t ing  

i n  b o t h  r e s i d e n t i a l  and commercial s t r u c t u r e s .  

The c u r r e n t  (1972) energy end-use demand and f u e l  usage i n  t h e  

Nassau-Suffolk r e g i o n  a s  revealed i n  t h e  worksheets summary Table 29, i s  

t y p i c a l  of h e a v i l y  suburban regions  i n  t h e  Northeastern  p a r t  of t h e  country.  

Space condi t ioning and persona l  t r a n s p o r t a t i o n  a r e  t h e  primary purposes f o r  

which energy is  consumed. O i l  i s  t h e  b a s i c  f u e l  used which is  der ived mostly 

trom t o r e i g n  sources .  Although smal l  changes have taken p l a c e  over t h e  l a s t  

four  y e a r s  i n  energy expendi ture  p a t t e r n s ,  t h e  o v e r a l l  p a t t e r n  of energy use 

i n  t h e  reg ion  has  remained r e l a t i v e l y  cons tan t .  

Worksheets f o r  t h e  incremental  change i n  energy and f u e l  use a s s o c i a t -  

ed w i t h  t h e  Urban Sprawl (US) and Cor r idors ,  C l u s t e r s ,  and Centers (CCC) 

s c e n a r i o s  f o r  r e g i o n a l  development a r e  presented i n  Tables 30,31,32,33, and 



1972 Nassau-Suffolk 
RESIDEIITIN. ENEROY WORKSHEET 
( " a "  = number of dwelling unlts) 

U N I T  DR4AND 

lieat.' Heat/ unlt 
Ccol Cool Energy 
season  ema and c em and 
(Oda's) (etu/yr (stu/yr 

per "a')  per "a"  

2 D =* 
t h o i l s a n d  

Single Family 
Detached ( 2 )  (31 

heat 55;;) 1 4 . 0  7 7 . 0  
a i r  cond. - 5 0 0  
central 2 2 . 0  11.0 
room 8 . 8  4 . 4  

Single F d l y  
attached 

spaceheat 55CO 1 0 . 2  5 6 . 1  
a i r  cond. - 

8 . 9  central 5CO 1 7 . 7  
room 7 . 1  3 . 5  

L w  Rise 
apace heat 55C 0  7 . 5  4 1 . 3  
a l r  cond. - 

5 c o  1 1 . 2  5 . 6  central 
4 . 5  2 . 2  room 

lligh Rise 
space heat 55C.0 4 . 3  2 3 . 7  
a i r  cond. - 
Central 5CO 3 : 3  $ 1 .  room 

A l l  Units 
water h e a t  1 8 . 0  
tange 4 . 0  
e lec t r lc  appl. - 2 1 . 0  

Kote :  E n e r g y  Demand o f  C o n s u m p t i o n  i n  1 0 1 2  B t q l y r .  2 1 . 8  stu/yr 8 0 . 7  stu/yr 2 0 . 1  stu/yr 
U n i t  E n e r g y  Demand of  C o n s u m p t i o n  i n  10' ~ t u l y r  p e r  dwel l ing  u n i t .  (1 1.03 million Btu/Hcf) (; 140 thousand Btu/Gal) ( z  3412 s t u / ~ w h )  

2 1 . 1  M i l .  nCE 576 M i l  .Gallons Kwh 

( 1 )  T a k e n  d i r e c t l y  f r o m  F i g u r e s  2  c 3  ( " S e l e c t e d  c l i m a t i c  M a p s W , E n v i r o n m e n t a l  S c i e n c e s  S e r v i c e s   administration,^.^. t l e p t  o f  5 8 8 3  m i l l i o n  ~ w h  

( 2 )  T a k e n  f r o m  T a b l e  4 ;  v a l u c s  f o r  e x i s t i n g  h o u s i n g  s t o c k  ( t h i s  r e p o r t ) .  Commerce.  R e f .  9  ) 
( 3 )  E  =d.D 
( 4 )  ~ E t a l  n u m b e r  o f  d w e l l i n g  u n i t s  t a k e n  d i r e c t l y  f r o m  R P A  ( R e f .  1 0  ) .  
( 5 )  P e r c e n t a g e  o f  homes  o f  e a c h  s t r o c t u r a l  t y p e  t a k e n  f r o m  1 9 7 0  C e n s u s ,  D e t a i l e d  H o u s i n g  C h a r a c t e r i s t i c s  ( k e f . 4 1  ) 
C6) P e r c e n t a g e  b r e a k d o w n  f o r  a i r  c o n d i t i o n i n g , a l l  u n i t s ,  C I b i d .  T a b l e  4 9 , ~ ~  3 4 - 2 0 6 )  a p p l i e d  t o  1 9 7 2  t o t a l  d w e l l i n g  u n i t s  g i v e n  i n  N D ~ ~  4  a b o v e .  
( 7 )  E=s.E 
( 8 )  s p a c e U h e a t i n g  F =E / e ;  e = . 6 5  o i 1 , g a s  6 1 . 2 5  e l e c t r i c i t y .  
( 9 )  A i r  c o n d i t i o n i n g  F  =E l e ;  e = ? . 5  c e n t r a l , : . O  room 

( 1 0 )  W a t e r  h e a t i n g  F  =E l e y  e"65 o i l ,  g a s  6  1 . 0 0  e l e c t r i c i t y .  
( 1 1 )  R a n g e  F  =E l e ;  g = . y 8  g a s  6 1 . 0 0  e l e c t r i c i t y .  
( 1 2 )  ~ e r c e n t 2 g e ~ o f  homes h e a t e d  b y  d i f f e r e n t  f u e l s  t a k e n  f r o m  Op. C i t .  N o t e  5  ( T a b l e  5 0 )  was a p p l i e d  t o  1 9 7 2  d w e l l i n g  ~ v n ? , t a  g i v e n  i n  : ro te  4 a b o v e .  
( 1 3 )  F = b . F  

EMI RGY DEMAND - 
Land Total 
Use Energy 
Activity Demand 
( "a ' )  (stu,'yr) 

a E 
&us a  ld 

( 5 )  ( 7 )  
6 2 8  4 8 . 4  

$8) 0 . 6  
48  0 . 2  

5 2  2 . 9  

5  0 . 0 4  
4 3  0 . 2  

3 8  1 . 5  

0 . m 1  0 . 2  
2 8  . 0 6  

3 0  0 . 7  

0 . B  2 5 . l  

C4 ) 
747 

FUEL CONSUUPTION 

U n i t  Land Total 
Gas  UP^ G a l  
Consump. Activity Consump. 
lBtu/yr ( " a " )  (ntu/yr) 
per " a " )  

F 
F' t h b a n d  

C8) ( 1 2 )  ( 1 3 )  
1 1 8  1 1 9  1 4 . 1 3  

- - - - - - 

R6 1 0  0 . 8 5  

- - - 
- - - 

6 3  8  0 . 5 0  

- - - - - - 

3 6  6  0 . 2 1  

- - - - - - 

(10)  
4 . 6 0  

747 3 . 0  1 1 . 5 0  
747 1 5 . 7  - - - 

8 6 . 8  

U n i t  Land Total 
O i l  Use Oil 
Eonsump. Activitg consump. 
(stu/yr a )  
per " a " )  

Fu b F 

t h a w d  

Unit Land 
Electric us, 

Total 

consrmp. Activity 
Electric 

( ~ t ~ / ~ ~  (.,,.,) 
Consump. 

per "a") (Btu/yr) 

Fu b 
F 

t h a g n d  

- - - 
- - 6 0 6  4  

. 6  
2 .4  

2 1  7 4 7  1 5 . 7  

( 8 )  ( 1 2 )  
1 1 8  4 9 6  5 9 . 8  

- 
- - - 

86 4  1 3 . 6  

- - - 
- - - 

6 3  3  3  2 . 1  

- - - - - 

3 6  2  4  0 . 9  

- - - - - - 
( 1 0 )  
2 8  5 5 3  1 5 . 5  

6 2  

& (  9 )  5  0 0 . 2  

2 (  l o )  4 8  0 . 1  

4 5  1 . 0 5  

4  5  .o 2  
2  4 3  . 0 8  

3 3  0 . 8  . 0 3  

2  0 . 2  .m 4  

1 2  8  . 0 3  

1 9  0.6 

1 0 . 1  
0 . 6  2  2  

Is:1o) 3o 



TABLE 26 

1972 -Nassau-Suffolk 

COWRCIU ENERGY WRKSIIEET 
( " a "  = q u a r e  feet)  

Off ice 
space heat 
a i r  a n d .  
e lec t r ic  

Retail Hall 
space heat 
a i r  cond. 
e lec t r ic  

Retail S t r i ~  
space heat 
a i r  cond. 
elecLrlc 

Other 
space heat 
a i r  cond. 
eleczrlc 

(12)  
U N I T  D M R W I  

neat/ He.lt/ U n i t  
Coo?. C031 Energy 
Season Denand Demand 
lodays) (Btu/yr (Btu/yr 

per Ody)  per "a")  

d D E" 

ENERZY DEEWID 

Total 
En+rqy 

( " a " )  ( a t u , / h r :  

I 
N o t e :  E n e r g y  Demand o f  C c n s u m p C i o n  i n  1 0 1 2  B t y l y r .  

U n i t  E n e r g y  Demand o f  C o n s u m p t i o n  i n  1 0  ~ t u l y r  p e r  s q u a r e  f o o t  

FUEL COtLSUNPTION 

1 7 5 . 7  - 
- 

6.66 ~ ~ U / Y I  

(fl.C.3 million ~ t u / n c f )  
HC f 

6 . 4  m i l l i o n  MCF 

F o o t n o t e s :  (1 )  Taken d i r e c t l y  f r o a  F i g u r e s  2  L 3 ("Selected C l i m a t c  Naps", Environmental  Sc iences  S e r v i c e s  Adminis t ra t ion  
U.S. Department of Comnerce, Ref.  9 .  

(2) Taken from Table  9  ~f  t h i s  r e p o r t .  
(3)  E u d . D .  
(4)  F l o o r s p a c e  e s t i m t e s  a s  fo l lows:  T o t a l  n o n - r e s i d e n t l a 1  f l o o r s p z c e  was taken  from Ref.  10 .  I n d u s t r i a l  

f l m r s p a c e  was estimated u s i n @  f l o o r s p a c e  per  works: des ign  c r i t e r i a ,  Ref.  1 0  and i n d u s t r i a l  employment i n  
Nassau and S u f f o l k c o u n t i e s ,  Ref. 1 0 .  T h i s  was s u b r r a r t e c  Erom t c t a l  non-residentielfloorSpece l e a v i n g  
conmerc ia l  Lloorspece a s  t h e  remainder.  O f f i c e  f lc.orspace was s u b t r a c t e d  from t o t a l  commercial f l o o r -  
s p a c e .  R e t a i l  f l o c r s p c c e  was es t imated  by s u b t r a c t i n g  ¶OX of t h e  o f f i c e  f l o o r s p a c e  from t h e  f l o o r s p a c e  i n  t h e  
"ccmmercial" c a t e g r y  vh ich  i n c l u d e s  r e t a i l  es tab l i jhm- . r t s ,  s e r v i c e s  and "most of o f f i c e  f loorspace"  i n  Ref . l o .  
Baced on t h e  land  Lse i n v e n t o r y  f o r  t h e  r e g i o n ,  ReT.36 . 304 of  r e t a i l  f l o o r s p a c e  i s  i n  s t r i p  development. 
F l c o r s p a c e  f o r  h o q i t a l s  and h e a l t h  i n s t i t u t i o n s  was e s t i m a t e d  a t  82 ,  t h e  1970 n a t i o n a l  average ,  Ref.  , of 
t h e  t o t a l  commerckl  f l o o r s p a c e .  F loorspace  f o r  s c h o o l s  and e d u c a t i o n a l  i n s t i t u t i o n s  was e s t i m a t e d  u s i n g  
f l n o r s p s c ?  per  p u p i l  d e s i g n  c r i t e r i a ,  Ref . and s c h o ~ l  enro l lment  i n  Nassau and S u f f o l k  c o u n t i e s ,  Ref. . 
The r e w i n i n g  c o m m r c i a l  f l o c r s p a c e  which was no t  a l l o c a t e d  t o  of . i i ce ,  r e t a i l ,  h o s p i t a l ,  o r  s c h o o l  f l o o r s p a c e  
was d e s i g n a t e d  a s  'other" f l c c r s p a c e .  

(5)  E=a.E . 
(6)  s p a c e U h e a t i n g  F=E :e; r= .65  g a s ,  o i l .  
(7 )  Fue l  mix is  es t imzred  Erom Curren t  and F u t u r e  E n e r ~ y  Use 917 t h e  Nassau-Suffolk Region (Phase I r e p o r t  t o  LILCO. 

BNL 20683). 
(8 )  F=P .b. 
(9) ~ i ~ ~ c o n d i t i o r ~ i n ~  F =E l e ;  e=?.O c e n t r a l .  

(10) E l e c t r i c  P =E l e ;  251". 
(11) V i r t u a l l y  ~ l l U c o m n s r c i e l  space  is a i r  c o n d i t i a n e d .  

(12)  The u n i t  darand was based upon ax  e a r l i e r  methodology which does n o t  
d i s t i n g u i s h  between h e a t / c o o l  an3  Ln te rna l  h e a t .  (See Tab le  8 ) .  

uni t  I.an:d Total 
, Electric usel Electric 
i Consump. ~ c t : i v i t y  consump. 

( B t u / y r  (stu/yr) 
per " a " )  

U n i t  Land Total 
Gas Use  as 
Consump. Activity Consump. 
(Stu/yr " a  (Btu/yr) 
?er "a"] 

- - 

4 4 6 4  Btu/yr 13.42 ~ t u / y r  
(:I40 thousand Btu/Gal) (: 3413 Stu/~vh) 

Gallons Kwh 

3 1 7  M i l l i o n  G a l l o n s  3 9 3 2  M i l l i o n  Kwh 

F F 

U n i t  Land Total 
01 1  Use Oil 
Ccneump. Activity Consump. 
(etu/yr ("a") lStu/yr) 
per "a')  



TABLE 27 

1972 Nassau-Suf fo lk  

INWSTRIAL ENERGY WORXSHEm 
('a = per rmployce) 

Light Industry 
prMeSB 
space heat  
a i r  cond. 
e l e c t r i c  

Medium Industry 
process 
space heat  
a i r  cond. 
e l e c t r i c  

Heavy Industry 
process 
space heat  
a i r  cond. 
e l e c t r i c  

Energy-intensive 
process 

UUIT DQIAPD e4ERGY DMRND 

Total 
Energy 

a E=aE, 

FUEL CONSUMPTION 

Unit Land Total 
Gas use Gas 
Consump. r ic t ivi ty Cons!lrnp. 
tntu/yr (.a") (Dtu/yr) 
per "a") t h o u s .  

PU 
P 

2 1 .  U 9 . 2  

un i t  Land Total 
O i l  use 01 1 
Consump. Actlvi ty C O ~ S U W .  
IBtuiyr ( " a " )  ( s h ~ / y r )  
per - a w l  t h o u s .  

a f 

Unlt Land Total 
E lec t r i c  Use E lec t r i c  
consump. Activi ty consump. 
(Btu/yr ("a ' ' )  (Btu/yr) 
per .a") t h o u s .  

fu 
a P 

1 1 . 5  ~ t u / y r  2 ' . 9  s tu/yr  
($1.03 mil l ion Stu/Mcf) (:I40 rhousand BtuiGal) 

5 . 3 9  stu/yr 

EC f Gallons 
If3413 Btu/xwh) 

Yuh 

1 1 . 2  m i l l i o n  MCF 164  m i l l i o n  G a l l o n s  
N o t e :  E n e r g y  Deman'd o f  C o n s u m p t i o n  i n  1 3 1 2  B t g l y r .  

1 5 7 9  m i l l i o n  Kwh 

U n i t  E n e r g y  D e n a n d  o f  C o n s u m p t i o n  i n  1 0  B t u / y r  p e r  employee.  

I n d u s t r i a l  
FootNOtes:  (1 )  Take2 d i r e c t l y  f r o m  T a b l e  11. 

(2)  From Census  o f  M a n u f a c t u r e r s  6 U.S. Department  o f  Commerce, County B u s i n e s s  P a t t e r n s ,  1971 .  
  he number o f  i n d u s t r i a l  employees c a n  be grouped i n t o  l ~ w  6 medium i n d u s t r i e s  by SIC Group. 

(3 )  E=E . a .  
( 4 )  FueY mix w t i m a t e d  from C u r r e n t  a ~ d  F u t u r e  Energy Use i n  t h e  Nassau-Suf fo lk  Region (Phase  I r e p o r t  t o  LILCO. 

BNL 20683) 
(5 )  Same a s  "a'' i n  Energy Demand 
(6 )  F=Fc.a. 



1972 Nassau-Saf fol  k  

TII~IISPO.TATIOH CllCRCI I O R K S I I I L T  

"-. , ..-.,,"" 
Velll.:la Vclllcle Unlt + mc.pnnc)' knergy ~.-.nd u?ra 

Uully hvernge I n d s a l  rote I 
Emorgy 
o*~. -A nnts oem..a n o t ~ v ~ t y  l ; , l , ,  e o s s f . q ~ r  

~ c l p  Pnss.SI1. norI.1 Energy 

Intu/veh.mIl ( ~ t ~ / ~ ~ ~ ~ ~ . ~ l . l  Ina.hossrrC:ld! Trlps ~ c n g t h  p e r t r l p '  SpILt D~mrnd 1.164 d.qnl cnr8~lycl 
V I" I thousands 

0  7 I '  I "  
e 

m i l l i o n  

*A"t, 

nus 

Dtlnec 
7 t s t o  

nus 

N o t e :  Ene rpy  Dennnd of C c n s u n p t i o n  I n  1 0 1 2  B t z l y r .  

F o o t n o t e s :  ( 1 1  See R e f .  Z 5 ;  see  s l a ~  " C h n r s c t ~ ! r i s t i c a  o f  U r b e i  T r a n s p o r R a c L o n  Systems" ,  U r b a n  Hnns T r a n s p o r t a t i ~ n  
A d m i n i s t r s t i o ~ .  U.S. Depa r tmen :  o f  T r e n s p a r t n t i o n  ( p r e p a r b d  by neLee.Cst Iber ,  6 Co., n a y  ' 1 5 )  

( 2 )  EFTS nnd  CTPS. see  R l f .  2 3 .  

Unl t 
011 
Ocmand 
nt,,/l.aaa.ml.l 

rU 
h  r 

-. 
( 3 )  c -E l V .  
( 4 j  l g t a l  n lomler  c f  d w e l P i n g  u n i t s  t n k e n  f r o m  ReRion.1. P l n n n l n g  A s s o c i a t i o n .  R e f .  24 . 
( 5 )  Tnken  f r o m  T a t l e  I6 ' f o r  h i g h  i s t o m e  e r e a a .  
( 6 )  T -0 ' 0 .  
( 1 1  l e k e n  f r o m  F i g u r e  6  :or d i s t a n c e s  g r e a t e r  t h a n  20 m i l e s  L r c m  u r b n n  c o r e .  
( 8 )  I a k e n  f r o m  Ref .24:  r r i l  I n f o r m f i t i o n  f r om e * L  me.. o n  Lon*  I s l a n d  R s i l r o s d  t r a v e i  p a t t e r n s  end e n e r n y  c o n s ~ m p t i o n  ( u n p u b l t p h e d )  
(9)  H-36L.L.S 

(10 )  E l E  -T 'M .  
( 1 1 )  F  - &  l e :  t -  .20 e e t o ,  b u s .  . 30  d i e s e l  r o l l .  1 . O  e l e c t r i c  r a i l .  
( 12 )  b x  ~"81;  d l e s e l / e l e c t = i c  r a i l  pmsoeoger  m i l e s  t a k e n  f r o m  memo i n  N o t e  8  above .  
( 1 3 )  F-FU.b.  



TABLE 29 

NASSAU-SUFFOLK ENERGY CONSUMPTION SUMMARY 

(1972) 
Energy 

Sector  Demand Fuel  Consumption 

(1012 Btu) 
6 6 6 Gas(l0 Mcf) O i l  (10 g a l . )  E l e c t r i c .  (10 Kwh) 

R e s i d e n t i a l  8.7 (49%) 
21.1 (55%) 576 (33%) 5900 (50%) 

Commercial 48.8 (27%) 6.4 (17%) 317 (18%) 3900 (33%) 

I n d u s t r i a l  23. (13%) 11.2 (28%) 164 ( 9%) 1600 (14%) 

Transporat ion 2 . 1  (11%) - 69 (40%) 290 ( 3%) 

- 

17.9 39.4 1749 11,690 



Tables 34,35,36,37 f o r  each land use  s e c t o r .  The breakdown of f u e l  

increments f o r  the two scenar ios  is given in Tables 38 and 39. Energy- 

r e l a t e d  d a t a  inpu t  f o r  the s c e n a r i o  worksheets. a r e  e s s e n t i a l l y  the same 

a s  those  used f o r  t h e  base  case  w i t h  t h e  fol lowing no tab le  except ions .  

1 )  Energy i n t e n s i t y  f a c t o r s  i n  t h e  r e s i d e n t i a l ,  commercial, and 

i n d u s t r i a l  s e c t o r s  have been reduced t o  r e f l e c t  expected changes 

i n  b u i l d i n g  m a t e r i a l s  and p r a c t i c e s  f o r  new c o n s t r u c t i o n ,  and t h e  

g r e a t e r  use  of c e n t r a l  and room a i r  condi t ioning 

2) I n  b o t h  s c e n a r i o s ,  n a t u r a l  gas has  been excluded as a p o t e n t i a l  

f u e l .  This is  c o n s i s t e n t ~ w i t h ~ t h e  con t inua t ion  of c u r r e n t  u t i l i t y  

p o l i c y  which does n o t  pelsnit t h e  us,e of n a t u r a l  gas f o r  h e a t i n g  and 

a i r  condi t ioning purposes i n  new r e s i d e n t i a l  and commercial cons t ruc t ion .  
. . 

3) Fuel c a l c u l a t i o n s  i n  t h e  r e s i d e n t i a l  and commercial s e d t o r s  r e f l e k t  

assumed i n c r e a s e s  i n  t h e  use. of e l e c t . r i c i t y  f o r  space h e a t i n g .  

4)  I n  t h e  t r a n s p o r t a t i o n  s e c t o r ,  f u e l  e f f i c i e n c i e s  of automobiles a r e  

assumed t o  have doubled by t h e  year  2000. Increased use  of mass t r ans -  

p o r t a t i o n  i s  assumed i n  the  CCC c a l c u l a t i o n  and t r i p  l eng ths  a r e  modi- 

f i e d  t o  r e f l e c t  t h e  change i n  land use  p a t t e r n s . "  

There a r e  a number of f e a t u r e s  i n  the  US and CCC worksheets and 

the summary t a b l e s  t h a t  p e r t a i n  t o  t h e  s p e c i f i c  and genera l  i s s u e s  ra ised '  i n  

* We should emphasize t h a t  these  adjustments i n  t h e  energy-sensi t ive  parameters 
a r e  no t  the  r e s u l t s  of independent eva lua t ions .  They r e p r e s e n t  t h e  es t imated 
e f f e c t s  of n a t i o n a l  and r e g i o n a l  t r e n d s .  The use of f u e l  s p e c i f i c  end-use 
devices  such a s  h e a t  pumps and e l e c t r i c  powered v e h i c l e s  a s  w e l l  a s  t h e  
choice  of f u e l  types  i n  s i t u a t i o n s  where a l t e r n a t i v e  f u e l s  can be  considered,  

willdepend on t h e  compari t ive  p r i c e s  and a v a i l a b i l i t y  u I  I u e l s  and end-use 
dev ices  i n  t h e  i n t e r v e n i n g  per iod .  Construct ion m a t e r i a l s  and p r a c t i c e s  w i l l  
be a f f e c t c d  by r e v i s i o n s  i n  b u i l d i n g  codes and t h e  passage of new f e d e r a l  and 
s t a t e  l e g i s l a t i o n .  Inview of t h e s e  u n c e r t a i n t i e s  and t h e  l i m i t e d  a b i l i t y  of 
the planner t o  p r e d i c t  such  developments, p a r t i c u l a r l y  on a r e g i o n a l  s c a l e ,  
the r e s u l t s  a r e  b e s t  viewed a s  p r o j e c t i o n s  n o t  f o r e c a s t s .  The primary purpose 
i n  in t roduc ing  these t e c h n i c a l  parameter adjustments i n t o  t h e  Nassau-Suffolk 
l and  use/energy a n a l y s i s  i s  t o  demonstrate both  the a b i l i t y  of the  methodology 
t o  accommodate them and t h e  interdependence of l and  use  and t h e  t e c h n i c a l  and 
economic f a c t o r s  a s s o c i a t e d  w i t h  energy product ion and consumption. 



TABLE 30 

Nassau-Suffolk 

Urban Sprawl (US) (1)  
RFSIOENTIAL rnEROY WORKSHEET 
( " a "  = number of dwelling units) 

F o o t n o t e s :  ( 1 )  D s t a  a n d  p r o c e d u r e s  f o l l o v  t h o s e  i n  T a b l e 2 5  ( 1 9 7 2  R e s i d e n t i a l  W o r k s h e e t )  
w P t h  t h e  e x c e p t i o n  o f  number  o f  d w e l l i n g  u n i t s  a n d  h e a t i n g  a n d  c o o l i n g  p a r a m e t e r s . .  

( 2 )  T a k e n  Erom T a b l e  4 .  
( 3 )  P r o j e c t e d  t o t a l  n u m b e r  o f  d w e l l i n g  u n i t s  t a k e n  f r o m  C o m p r e h e n s i v e  P l a n  f o r  t h e  N a s s a u - S u f f o l k  R e g i o n .  
( 4 )  A l l  new r e s i d e n t i a l  f l o o r s p a c e  i s  a i r  c o n d i t i o n e d ;  2 0 %  c e n t r a l  a i r .  
( 5 )  New g a s  i n s t a l l a t i o n s  p r o h i b i t e d .  
( 6 )  E k e c t r i c  s p a c e  h e a t  i n  20; o f  new h o m e s .  

. 

U H I T  O W N O  

Heat/ ?eat/ U n i t  
Cool 3001 Energy 
Season Demand Demand 
(Oda:~a) ( B ~ U / Y ?  lBtu/Yr 

. ?er 'a') per "a') 

d 0 
u-ald 

Sittgle Family 
Detached 

space heat 5 5 0 0  1 0 . 6 ~ )  5 6 . 7  
a i r  cond. - 
central 5 0 0  15.5 7 . 8  
room 6.2 3 . 1  

Single Famlly 
Attached 

space heat 5 5 0 0  7.4 4 0 . 7  
a i r  cond. - 
central 5 0 0  i2.5 6 . 3  
room 5.0 2 . 5  

Low Rise 
space heat 5 5 0 0  
a i r  cond. - S a y  3 0 . 3  

central 5 0 0  8.1 4 . 1  
roam 3.2 1 . 6  

lligh Rise 

E N E W  O W 0  

Land Total 
Use Enecqy 
ActLvity Demand 
( 'a"> (Btu/yrI 

a E 

(taea rd 

4 E 1  2 7 . 2  

$ A 4 )  0 . 7  
3E5 1 . 2  

4 0 1 . 6  

8 0 . 0 5  
2 2 0 . 0 8  

i 9 0 . 9  

6 0 . 0 2  
2 3 0 . 0 4  

FUEL CONSUMPTI(RI 

Unit Land Total 
Gas Use  as 
Consump. Activity Consump. 
(Btu/yr I (Btu/yr) 
per "a")  

b F 
FY 

(5 1 

space heat 5 5 0 0  4.0 2 2 . 0  
a i r  cond. - 
central 5 0 0  5.5, 2 . 8  
room 2.2 1.1 

A l l  Units 
water heat 

1 I& kange 
e lec t r ic  appl. - 2 1 

Btu/yr ~ t u / y r  Btu/yr 
(I 1.03 million Btu/Mcfl ( t  140 thousand Otu/Gal) (1 3412 Otu/Kwh) 

N o t e :  E n e r g y  Demand oE C o n s u n p t i o n  i n  1 0 1 2  B t u l y r .  MC f :allona ' K W ~  

U n i t  E n e r g y  Demand o f  C o n s u m p t i o n  i n  l o 6  B t u l y r  p e r  "a".  ' 323 m i l l i o n  g a l l o n s  7 4 4 0  m i l l i o n  Kwh 

2 3 0 . 5  

5 0 . 0 1  
1 8  0 . 0 2  

3 3 f 3 )  1 0 . 3  
2 . 3  

5 7 2  . 1 2 . 0  

57 

, 

U n i t  Land Total 
O i  1 Uee O i l  
Coneump. Activity Coneump. 
( B t u / y r  ( " a " )  (Btu/yr) 
per "a" )  

F 

8 7 3 8 5  3 3 . 5  
- - 
- - - 

6 3 3 2 2 . 0  
- - 
- - - 

4 7 2 3 1.1 

- - - 
- - 

Unit 
Electric use 

Land Total 
Electric 

consump. Acavity Consump, 
(Btu/yr 
per "a") 

( B ~ u / Y K )  

F & P. 

4 5  9 6 4 . 4  

3 1  9 6 0 . 3  
1 6  3 8 5  0 . 6  

3 3  8 0 . 3  

3 8 0 . 0 2  
1 3 2 0 . 0 4  

24 6 0 . 1  
2 6 0 . 0 1  

0 . 8  2 3 0 . 0 2  

3 4  . 1 8  0 . 6  

- - - 
- 

2 8 286 8 . 0  - - - 
- - - 

45.2  

1 8  5 
1 5 
0 . 6  18 

1 8  5 . 2  
4 2 . 3 ,  

2 1  5 7 2  1 2 . 0  



TABLE 31 

!iassau-Suf f o l k  

U r k n  Sprawl (US)(1) 

CO-IAL ENERGY WORKSHEET 
( " a -  = =ware feet) 

(7)  
UNIT D.3ANO 

Heat/ Heat/ Unlt 
cool Cool m r g y  
Season Demand oensnd 
(Odaysl ( B t u / y r  (etl/yr 

per Odyl per 'a") 

d D Eu 
teaus. 

Office 
hest 5500(" 20") 1 . 3 7 ~ ~ )  

a i r  cond. 50° 1 9  9 . 5  
y , o ( "  e lec t r ic  

Retail H a l l  
space heat 5500 11 60.5 
aiz cond. 500 2 2 11.0 
e lec t r ic  31 .0  

Retail S t r i p  
space heat 5500 16 3?,0 
a iz  cond. 500 30 15. (1 
e lec t r ic  Z4.0 

Other 
space heat 5500 11 50,. 5 
a iz  cond. 500 22 11 .0  
e lec t r ic  24.0 

(I140 thousand Btu/Gal) (1 3413 Btu/~vh) 
Note: Energy Demand 3f Consumption i n  loL2 B t u l i r .  Gallons uwh 

Unit Energy Demand of Consumption in 103 Btutyr  per  s q u a r e  foot .  151 m i l l i o n  g a l l o n s  3317 m i l l i o n  Kwh 

Footnotes:  (1) Data sn.j procedures f o l l o w  t h o s e  i n  Table  26 ( 1 9 7  C3mmcrcial Wbrksheet) w i t h  t h e  except ion  of 
t h e  n . ~ n b e r  of s q u a r e  f e e t .  of spscff:c commercial f l o o r s p a c e  and o t h e r  changes noted below. 

(2) Taken from F i g u r ~ s  2 and 3 ( " S e k c r e d  Cl imat ic  I l q s . "  kf. 9.)  
(3)  Ceduced by 25% f ~ o m  walues z i v e n  1n Table 9 of  this c e p x t .  
(4)  e - d - 0. 
(5) d o o r s p a c e  p r o j e r t i o s s  a r e  s s t i m t e i  r o  i n c r e a s e  2X p e r  y e a r  pe: s e c t o r  uniformly, Ref. 10. 
(6)  New gas  i n s t a l l a t i o n s  p r o h l j i t e d l  

(7)  The u n i t  demend ms 5 a s ~ d  upon an e a r l i e r  methodology which does n o t  
d i s t i n g u i s h  between heat / c o o l  and i n t e r n ~ l  l oad .  .(See Table  8).  

E Y E R Y  DWAND 
P 

L ~ n d  T o b l  
use Eaerqy 
A-tivity Demnd 
("a ' )  (Bbl/y:) 

a IE 

m i l l i o n  

26.5 2.84 
0.25 
0 .63  

24.0 l , i 5  
0 .26  
0.57 

56.0 4.87 
.34 

1 .34  

150.0 9.08 
1.55 
3.50 

27. > 

NEL CONSUHPTION 
U n i t  Land Total 
Gas use Gas 
Consmp. Activity Consump. 
(Btuiyr ( * a " )  (Btu/yr) 
per a") 

fu b P 

m i l l i o n  

(.6 1 

- 

U n i t  Land Total 
01 1 use O i l  
Consump. Activity Conaumg. 
( B t u / y r  ( " a - )  ( ~ t u / y s )  
per " a " )  

fu b P 

thous .  m i l l i o n  

165 21.2 3 .49  - - 
- - 

Unit Lan:d Total 
e lec t r ic  usel electric 
Consump. p,ct:lvity consump. 
(ntu/yr ( -e , - )  (Btu/yr) 
per 'a" )  

F F 
tho&. mi1;ion 

107 5.3 0.567 
3 .8  26.5 0.101 

24.0 26.5 0.636 

95.2 19 .2  0.18 61.8 4.8 0.297 
4.4 24.0 0.106 

13;.0. 44;8 6i 1 26.0 24.0 0.624 

87.0 11.2 0.974 
6.0 56.0 0.448 - 26.0 56.0 1.460 

95.2 120.0 11.4 61.8 30.0 1.850 - - 4.4 150.0 0.660 
- - 24.0 150.0 3.600 

21 , l  Btu/yr 11 .3  



TABLE 32 

Nassau-Suf f o l k  
Urban Sprawl (US)") 

INWSTRIAL. ENERGY WORKSHEET ( I )  
('a' - per employee) 

UIRT DMhNO WERN DDVWD 

enargi energy 

Light Industry 
process 
Space heat 
a i r  cond. 
e l e c t r i c  

Medium I n a s t r y  
process 
apace heat 
a i r  cond. 
e lec t r ic  

Heavy Inpustry 
procese 
space heat 
a i r  cond. 
e lec t r ic  

3.45 
Note: Energy Demand of Consuoption i n  lo1' B t t l y r .  

Uni t  Energy Demsnd of Consumption i n  1 0  Btuf:tr p e r  employee. 

N E L  CONSUHPRON 

unit  and Total 
Gas  US^ 688 
Consump. Activity Consump. 
(Btu/yr ("a ' )  ( B t u / y r )  
per " a " )  

U n i t  Land Total 
O i l  Use O i  1 
Consump. Activity Consump. 
( B t u / ~ r  a (etm/yr) 
per "a-I aosrd 

€" 
a P 

U n i t  Land Total 
Electric Use e lec t r ic  
Consump. Activity Consump. 
(Btu/yr ( " a " )  (stu/yr) 
per .a") 8nenl 

=u F 

3.95 (:I40 ~ t u / y r  thousand Btu/Gal) .87 B t u / y r  

Gallons 
(:I413 Stu/xwh) 

' Kwh 

Footnotes :  U) T h i s  worksheet  c a l c u l a t e s  t h e  incrementa l  energy needed f o r  t h e  Nassau-Suffolk r e g i o n  f o r  t h e  28.2 m i l l i o n  g a l l o n s  254 m i l l i o n  Kwh 

a d d i t i o n  indusc . r ia1  a c t i v i t y  of t h e  r e g i o n  above t h e  1972 l e v e l .  
(2) Data and procecures  f o l l o w  those  i n  Table 27 (1972 I n d u s t r i a l  Energy Worksheet) ,  except  f o r  t h e  

number c f  i n d u e t r i a l  employees and t b i r  f u e l  mixes. 
(3) The incrementa l  i n d u s t r i a l  employees For 2000 a r e  expec ted  t o  be  29,000. (1972 - 160,000,  2000 = 189,000) 

Of which 90% a r e  expected t o  be l i g h t  energy i n t e n s i v e  i n d u s t r i e s .  10% medium energy i n t e n s i v e  i n d u s t r i e s  
C E x t r a p l a t e d  1985 f i g u r e s  from RPA For f o r c a s t s ) .  

(-4) New g a s  i n s t a l l a t i o n s  p r o h i b i t e d .  
(5) Fue l  mix d e t e r a i n e d  from Chapter  111. 



TABLE I 3  

Nassau-Suf f o l k  
(1) 

'Jrhan Sprawl  (US) 

1 

N o t e :  E n e r g y  Demand o f  C o n m u m p t i o n  i n  10'' B t u l y r .  

l lNlT IIUYINb 
EIlERGY nI:HAlM TVEL CMlSU>IPl'IOH 

F o o t n o t e s :  (1). Decs e n d  p r o c e d u r e s  f ~ l l o v  t h o s e  i n  T a b l e  28 ( 1 9 7 2  T c a n e p o r t s t i o n  W o r k s h e e t ) ,  r i t h  t h e  e x c e p t i o n  2 4 5  m i l l i o n  g a l l o n s  2 2 2  m i l l i o n  
of f u e l  c c o a u m p t i o n  o f  v e h i c l e s  end projected m m b s r  o f  c u e l l i n g  u n i t s .  K u l  

( 2 )  B a s e d  upon  2 6  a p g  a v e r a g e  f o r  I C E  v e h i c l e e .  
( 3 )  T a k e n  f r o m  C o m p r e h e n a g v e  P l a n  f o r  t h e  N s a e a u - S u f l o l l k  Rep:on. R e f . 2 4  . 
(4) M o d o l  s p l L t  same a s  e x i s t e d  i n  1 9 7 2 .  
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Nassau-Suf f o l k  
(1) 

RESIDENTIAL WEROY WORKSHEET 
('a' = number of duelling units) 

USIT O W N O  

HsaV Heat/ U n i t  
Ccol Cool Energy 
SeaeJn Demand Demand 
("dws) (Btu/yr (Btu/yr 

per " a * )  per " a " )  

d! 0  
a n d  5, 

Single Family 
Detached 
space heat 5 5 0 3  1 0 . 4 ~ )  5 6 ' 7 '  
a i r  cond. - 
central  5 0 3  ~5 .5  7 . 8  
room 6.2 3 . 1  

Single Family 
Attached 
spaceheat 5 5 0 3  7.4 4 0 . 7  
a l r  cond. - 
central 5 0 3  12.5 . 6 . 3  
room 5.0. , 2 . 5  

Low Rise 
spaceheat 5 5 0 3  5.5 3 0 . 3  
a i r  cond. - 
central  5 0 )  8.1 4 . 1  
room 3.2 2.5 

lligln Rise 
spaceheat 5501) 4.0 
a i r  cond. - 3 0 . 3  

central 501) 5.5 4 . 1  
room 2.2 1 . 6  

A11 U n i t s  

water heat 1 8  
range 4  
e lec t r ic  appl. - 2  1 

Eiote:  E n e r e v  O e n a a d  o f  3 o n s u m o t i o n  i n  lo1" B t u l v r  

FUEL CONSUUPTI ON 

U n i t  Land Total 
Gas use Gas 
Coneump. Activity Consump. 
(stu/yr " a  ( s t u / y r )  
per 'a")  

U n i t  
O i l  
consump. 
(Btu /y  r 
per - a " >  

Land Totel 
use O i l  
Activity 'Consump. 
( " a " )  (Btu/yr) 

U n i t  Land Total 
Electric use Electric 
Coneump. ~ c t i  v i t y  consump. 
( s t u / ~ r  
per "a") 

(Btu/yr) 

€u b 
F 

tkuad 

Btu/yr Btu/yr 
( +  1.03 million Bca/Hcf) (f 140 thousand Btu/Gal) 

HC f Qallons 
u n i t '  

F o o t n o t e s :  

' E n e r g y  Demand o f  ~ ; n s u m ~ t i o n  i n  l o b  ~ t u l y r  p e r d w e l l i n g  u n i t .  

( 1 )  D a t a  a n d  p r o c e 3 u r e s  f o l l o w  t h o s e  i n  T a b l e  25. ( 1 9 7 2  R e s i d e n t i a l  
U o r k s h e k t ) ,  w. i th  t h e  e x c e p t i o n  o f  number  o f  d w e l l i n g  u n i t s ,  
d i e a g g r e ~ a t i o n  o f  d w e l l i n g s  i n t o  a t r u c t u r a l  t y p e ,  a n d  h e a t i n g  a n d  
c o c l i n g  l a r a m e t e r s .  

( 2 )  T a k e n  f r o m  T a b l e  4 .  
( 3 )  P r c j e c t e d  t o t a l  number  o f  d w e l l i n g  u n i t s  t a k e n  f r o m  C o m p r e h e n s i v e  

P l z n  f o r  t h e  N a s s a u - S u f f o l k  R e g i o n .  
( 4 )  P e r c e n t a , s e  b r e a k d o w n  by  s t r q c t u r a l  t y p e  a l l o c a t e s  e q u a l  n u m b e r s  o f  

d w e l l i n g  u n i t 8  t o  e a c h  h o u s i n g  c a t e g o r y .  
( 5 )  A l l  new s e s i d e n t i a l  f l o o r s p a c e  i s  a i r  c o n d i t i o n e d ;  2 0 %  c e n t r a l  a i r .  
( 6 )  Neu. g a s  I n s t a l l a t i o n s  p r o h i b i t e d .  
( 7 )  E l e c t r i c  s p a c e  h e a t  i n  20% ZIE new h o m e s .  

Btu/yr 
( 2  3412 ~ t u / ~ * m )  
' Kwh 

246 m i l l i o ~ o  g a l l o n s  6 9 4 0  m i l l i o n  Kwh 



TABLE 35 

C o r ~ i d o r s ~  C l u s t e r s .  Centers  (CCC) 

COHHELCIAL ENERGY MRKSHEET 
( " a "  = square feet)  

Heat/ Heat! Unit 
Cool Cool Energy 
Season Demaxd Demand 
(Ddaysl (stu/yr [Btu /yr  

per 'dy) per 'a") 

d D e" 

Office 
apse hest 5.500(~) 2ot3) 1 0 7 ' ~ )  
a i r  cond. 500 1 9  9.5 
e lec t r ic  24.0 

0-D 

Enerqy 
Activity Demand 

Retail H a l l  
space heat 5500 11 
a i r  cond. 500 22 11.0 
e l e c t r i c  24.0 

Retail S t r ip  
space hest 5500 16 
a i r  cond. 500 3 0  
e lec t r ic  24.0 

N E L  CONSUMPTION 
U n i t  Total Total 

per "a" )  per " a " )  

m i l l i o n  

Uni t Lan:d 
Electric usel 
Consump. Act:ivi t y  
tetu/yr I",,") 
per "a") 

P" b 
m i l l i o n  

107.0 5 .3  
3.8 26.5 

24.0 26.5 

Total 
Electric 
cons,,mp. 
(etu/yr) 

Other 
space heat 5500 11 
a i l  cond. 500 22 

60.5 1 5 0 . 0  ;:;; 1 
11.0  

5 . 2  120.0 11 .4  1 61.8 30.0 
4.4 150.0 

e lec t r ic  24.0 3 -60 24.0 150.0 
I::; 1 
3.60 

25.7 20.9 stu/yr 10.9 Btu/yr 
It140 thousand Btu/Gal) (2  3413 Btu/~vh) 

Note: Energy Demand of Consumptlon i n  10'' 3 t u l y r .  Gallons Kwh 
Unit  Energp Demand of Con~emptlon i n  lo6 Btu lyr  per  square  f o o t .  149 m i l l i o n  g a l l o n s  3201 m i l l i o n  Kwh 

Footnotes:  (1) Data and procedures f o l l o w  those  in T a j l e  26 (1971 Commercial Wocksheetl w i t h  t h e  except icn  of 
t h e  number of s q u a r s  f e e t  of s p e c i f i :  ccmmercial f l o o r s p a c e  and o t h e r  changes noted below. 

(2) Taken from Figures  2 and 3 ("Selected 3 l i m a t i c  Mars," R&. 9. 
(3)  Reduced by 25% from v a l u e s  g lven  i n  T a > l e  9 of t h i s  r e p o r t .  
(4)  E = d . 9. 
(5)  ~ P o o r s p e c e  ~ r o j e c z i o n s  a r e  e ~ t i m a t e d  t >  ir .crease ;Z Fer  y e a r  f o r  o t h e r  end o f f i c e  s p a c e ,  b u t  a l l  a d d i t i o n a l  

r e t a i l  space i s  p r o j e c t e d  :o be r e t a l l  m a l l  and r e t a i l  s t r i p  and i s  pro jec ted  t o  remain a t  1972 l e v e l s .  
(6) New gas  i a s t a l l a l l o n s  a r e  p r s h i b i t e d .  

(7) 3 e  unit danands was based upon an earlier methodology which does not 
distinguish between heat'cool and internal load. 



TABLE 36 

Nassau-Suffolk 

C o r r i d o r s ,  C l u s t e r s ,  C e n t e r s  (CCC)(2) 

Light Industry 
procese 
space heat 
a i r  cond. 
e lec t r ic  

Medium I n d ~ s t r y  
procese 
space hect 
a i r  cond. 
e lec t r ic  

Heavy Indua try 
process 
epace heat 
a i r  cond. 
e lec t r ic  

ININSTRIAL ENERGY WONSHELT (I) 
('a' = per employee) 

- - 

3.23 
. iote:  Energy Demand of Coa3umption i n  1012 Btufyr .  

Unit  Energy Demand of Consumption i n  lo6 B t u l y r  per  employee. 

'JNIT D W R N D  ENERGY DR!AND FUEL CONSUMPTION 

~ t u / y r  3.66 ~ t u / y r  
(t1.03 milllon Btu/Mcf) (:I40 rhousand Btu/Gal) 

f4= E Gallons r 1 3 4 i ~  ~ t u / ~ w h )  
Kwh 

Land Total 
Energy Use GBS 

Activity Consump. 
( " a " )  IBtu/yr) 

per "a") per  " a " )  

26.1 m i l l i o n  g a l l o n s  237 m i l l i o n  ~ v h  
"otnotes:  (1 )  T h i s  oorkshe? t  c a l c u l a t e s  t h e  incrementa l  energy needed f o r  t h e  Nassau-Suffolk r e g i o n  f o r  t h e  

a d d i t i o n a l  i x d u s t r i a l  a c t i v i t y  of t h e  r e g i o n  above t h e  1972 l e v e l .  
( 2 )  Data and pro:edures fo l low those  i r  Table  27 (1972 I n d u s t r i a l  Energy Worksheet) ,  except  f o r  t h e  

number of  i n d u s t r i a l  employees and t h e i r  f u e l  mixes. 
(3 )  The imcremeoral i n d u s t r i a l  employees f o r  2000 a r e  expected t o  be 29,000 (1972=160,000, 2000=189,000) 

Of w h ~ c h  95X a r e  expected t o  be l i g h t  energy i n t e n s i v e  i n d u s t r i e s .  5% medium energy i n t e n s i v e  i n d u s t r i e s  
(Ext rapola ted  1985 f i g u r e s  from RPP f o r  f o r c a s t s ) .  

(4 )  New gas i n s t . a l l a t i o n s  p r o h i b i t e d .  
( 5 )  Fuel  n i x  determined from Chapter In. 

U n i t  Land Total 
O i l  use 011 
Consump. Activity Consump. 
(Btu/yr ("a")  (Bm/yr) 
per "a"!  

Land Total U n i t  
e lec t r ic  Use Electric 
Consump. Actlvity consump. 
(stu/yr ( " a " )  (Btu/yr) 
per "a") 



. -  - 

Vchlsle 2?hLclc U n l t  
Ensrg). +- .szcupmsy k e r g r  
O~manal h t e  -mane 

IRu/vch.mIl lo t~dpnra .n l .1  
K v  I 

lano Ues Ja l l -  l r lpa  Ually A v e a g e  nmianl Total 
Lctlvlt).  ?e: bourcholc P's'eng*r Trlps 

;2fg4th I .  nodal elergs 
I ~ . h n a c h o I d ~  per t r lp .  s p l i t  o:nad 

Ia%4 days) 
0  

(nto/yr) 
T  L Y 8  

m i l l i o n s  
E 

t b u s a n d s  

U l l t  
011 

Tolnl Total 
P s ~ " .  011 

0cn.d HI. con.,my 
lnac~lpn~w.rn1. I tntsvyrl 

b I 

nuIhn 

572.4 2 . 4 4  1.411 9 .3  
Othec 
7 u t o  9 2 0  1 . 6  

nun 3 5 2 5  2). .30 .22 
6 0  "" I 28" 2 8 3 5  8 1 5  I I 7 7 5  1 4 1 8  1.09 

5.1 9 
I 

27.5 otu/yr .57 
(?I40 l l ~ o ~ ~ ~ o ! ~ ~  ~ I C ~ C ~ I I  ( ; M I ,  nl, , /Kwhl 

N o t e :  Energy Demand o f  C o n s u m p t l n n  I ?  1 0 1 2  ~ t u l y r .  Gnllone Kwh 

F a c t n o t e s :  ( 1 )  D a t a  a n d  p r o c e d u r e s  f . l low t h o s e  i n  T n b l e  28 ( 1 9 ' 2  ? r a r s ~ o r t n t l o n  W o r k s h e e t ) ,  v l t h  t h e  e x c e p t i o n  o f  f u e l  
1 6 1  m i l l i o n  g n l l o n s  1 6 8  r n l l l l ~ n  

c m n s u r n p t i ~ n  o f  v c h i c l e e ,  p r o j e c t e d  number  o f  d w e 1 L i n ~  u o i t s ,  a n t  t r i p  l e n g t h  andl m o d a l  s p l i t .  
Kvlb 

( 2 )  B a s e d  upon 26 mp(, a v e r e g e  f o r  ICE v e h i , c l e s .  
( I )  T a k e n  f r o m  C o m p r e b e n e i v e  P b a n  f o r  t h e  N a s s a u - S u f E o l k  R e g i ~ n ,  R e l .  2 4 .  
( 4 )  w i t h  b e v e l o p m e n t  o f  c e n t e r @ ,  40X o f  t r a v e l  t o  w o e i  i a  v i t ' l i n  c e m t e r e  ( a v e r a g e  t r i p  . l e n g t h  5  m i l e s )  en'd 

6 0 %  O F  t r a v e l  t o  v o r k  r e m h i n s  a t  p r e s e n t  p a t t e r n s  ( s v e r a g s  t r l p  l e n g t h  1 2 . 7  m i l e s ) .  W e i g h t  n v e r a g e  w o r k  
t ~ i p  l e n g t h  ( . 4 ) $ . 1 + ( . 6 )  1 2 . 7 - 9 . 6  m i l e s  
s h o p  t r i p  l e n g t h  - . 5 5 ( 9 . 6 ) - 5 . 1  m i l e s .  O t h e r  t r i  l e e g r h .  - . 9 7 < 9 . 6 ) - 9 . 3  m i l e s .  

( 5 )  HLgher Bmplogment  d e n s i t y  w i t h i n  c e n t e r s  ( e . 8 .  6CK oE .ark t r s - e l  a b o v e )  b ; e r m i c s  m o r e  e f f i c i e n t  u t i l i z a t i o n  
o f  b u s  t r a n e p o r t m t i o n .  S i n L l a r l y ,  e h c p  a n d  o t h e s  t r l ~ s  are  more f r e q u e n t  b y  bum a n d  w a l k i n g .  P e r c e n t a g e  
s i i f t  f r o m  n u t o  c r a v e 1  i n  U S  t o  o t h e r  modes  i n  ZCC e r a  t h e  f o l l o v i n g ~  

w o r t  - mX o f  p a s s e n g e r  m i l e s  t o  bus 
s h o p  - ZOX o f  p a s s e n g e r   tiles t o  b u s  

10X o f  p a s s e n g e r  m i l e s  t o  w a l k .  
o t h e r  - 1 0 1  o f  p a s s e n g e r  m i l e s  t o  bue 

IOX o f  p a s s e n g e r  m i l e s  t o  w e i k .  



TABLE 38 

Nassau-Suffolk Energy Consumption Summary 
Urban Sprawl Scenario - Increment 

(2000) 

Sector Energy Demand Fuel Consumption 

(1012~tu) Gas (10 6 Mcf) Oil(10 6 gal. ) Electric. (10 6 Kwh) 

Residential 56.9 (59%) - 323 (43%) 7378 (66%) 

Commercial 27.4 (28%) - 151 (20%) 3317 (30%) 

Industrial 3.45( 4%) - 28 ( 4%) 254 ( 2%) 

Transportation 8.50( 9Z) - 245 (33%) 222 ( 2%) 

TABLE 39 

Nassau-Suffolk Energy Consumption Summary 
Corridors,Clusters, & Centers Scenario - Increment 

(2000) 

Sector Energy Demand Fuel Consumption 

(1012gtu) Gas (10 6 Mcf) Oil(10 6 gal. ) Electric. (10 6 Kwh) 

Residential 47.5 (58%) - 246 (42%) 6940 (66%) 

Commercial 25.7 (31%) - 149 (26%) 3201 (30%) 

Industrial 3.2 ( 4%) - 26 ( 4%) 237 ( 2%) 

Transportation 5.2 ( 7%) - 161 (28%) 168 ( 2%) 



t h e  i n t r o d u c t i o n  of t h e  Nassau-Suffolk case .  Some of these  a r e  ev iden t  from 

t h e  f i g u r e s  i n  the Tables ,  o t h e r s  a r e  less ev iden t .  With r e s p e c t  t o  t h e  

Master P lan  t h a t  has  been presented f o r  developement of t h e  e a s t e r n  p o r t i o n  

of t h e  I s l a n d ,  i t  i s  ev iden t  t h a t  implementation of t h i s  P lan  w i l l  r e s u l t  

i n  a s i g n i f i c a n t  r educ t ion  i n  t h e  incremental  energy needed t o  meet t h e  

demands of t h e  a d d i t i o n a l  populat ion.  I n  terms of pe r  c a p i t a  energy con- 

sumption, t h e r e  is  a 15% reduc t ion  i n  t o t a l  incremental  energy demand 

a f fo rded  by the Cor r idors ,  C l u s t e r s ,  and Centers s c e n a r i o  over t h a t  of t h e  

con t inua t ion  of Urban Sprawl p ro jec ted  land use  development. This reduced 

demand r e s u l t s  mainly from lowered ;demands i n  t h e  r e s i d e n t i a l  and t ranspor ta -  

t i o n  s e c t o r s .  D i r e c t  energy expendi tures  i n  t h e  commercial and i n d u s t r i a l  

s e c t o r s  a r e  only  weakly dependent on t h e  development s c e n a r i o s ,  al though 

t h e  p ro jec ted  i n c r e a s e  of r e t a i l  es tabl ishments  i n  mal l s  i n d i r e c t l y  con- 

t r i b u t e s  t o  sav ings  i n  the t r a n s p o r t a t i o n  s e c t o r .  Also noteworthy, i s  t h e  

cont inuing minor r o l e  played by i n d u s t r i a l  demands. I n  both  s c e n a r i o s ,  

i n d u s t r i a l  energy demand c o n s t i t u t e s  on ly  a smal l  f r a c t i o n  of t o t a l  energy 

use ,  as i t  d i d  i n  t h e  b a s e  case .  These energy reduc t ion  f i g u r e s  given here  

are f o r  the y e a r  2000. Beyond t h a t  pe r iod ,  t h e s e  reduc t ions  w i l l  i n c r e a s e  

as the urban sprawl p a t t e r n  of land use  p resen t  a t  t h e  beginning of t h e  

planning per iod e x e r t s  less and l e s s  inkluence on t o t a l  demand. 

The. energy supply op t ions  afforded t o  t h e  reg ion  r e s u l t i n g  from 

the form of i t s  pro jec ted  p a t t e r n  of land use  development is  more apparent  

from the f u e l  consumption l i s t i n g s .  A s  shown i n  t h e  worksheets,  most of 

t h e  demands i n  the r e s i d e n t i a l  and commercial s e c t o r s  a r e  a t t r i b u t a b l e  t o  

end use  f u n c t i o n s  such  as space cond i t ion ing ,  which a r e  non-fuel s p e c i f i c .  

That i s ,  t h e s e  needs may be  s a t i s f i e d  by a v a r i e t y  of end-use devices  and 

f u e l  types .  A s i m i l a r  s i t u a t i o n  e x i s t s  t o  a more l i m i t e d  e x t e n t  i n  t h e  

t r a n s p o r t a t i o n  s e c t o r ,  where mode s h i f t  changes and t h e  use  of e l e c t r i c -  

powered v e h i c l e s  e x i s t  as p o s s i b l e  a l t e r n a t i v e s  t o  t h e  increased use  of 

t h e  convent ional  oil-baced a u t o m o b f l e ~  and buses.  Thus, t o  the e x t e n t  

the reg ion  wishes t o  be a b l e  t o  consider  t h e  t r ade-of f s  between. reducing 

i t s  dependence on o i l  imports o r  i n c r e a s i n g  t h e  number of coa l - f i r ed  and 

nuclear-powered e l e c t r i c  generat ing s t a t i o n s . i n  the  reg ion ,  land use  



p a t t e r n s  which promote t h e  f l e x i b i l i t y  f o r  us ing increased amounts of e l e c t r i -  

c i t y  should be considered more d e s i r a b l e .  

Thus, interdependence is  shown i n  a  c a l c u l a t i o n  of t h e  inc reased  

e l e c t r i c a l  demand r e s u l t i n g  from our assumption t h a t  20% of newly cons t ruc ted  

r e s i d e n t i a l  and commercial s t r u c t u r e s  w i l l  be heated by e l e c t r i c i t y .  AS 

shown i n  t h e  worksheets t h i s  r e s u l t s  i n  a  doubling of e l e c t r i c a l  demands i n  

t h e  year  2000 over t h a t  e x i s t i n g  i n  1972. Had f u r t h e r  assumptions been in-  

cluded regard ing  t h e  g r e a t e r  use of e lect r ica l ly-powered mass t r a n s i t  

v e h i c l e s  and automobiles,  this f i g u r e  would be s u b s t a n t i a l l y  inc reased .  On 

t h e  o t h e r  hand r e t a i n i n g  c u r r e n t  f u e l  usage p a t t e r n s  f o r  space h e a t i n g  

purposes i n  r e s i d e n t i a l  and commercial s t r u c t u r e s  would r e s u l t  i n  approximately 

a  40% i n c r e a s e  i n  t h e  incremental  o i l  requirements over t h a t  given i n  Tables 

38 and 39. The d i f f e r e n c e  i n  incremental  o i l  requirement between the  u.S. 

scenar io  and t h e  CCC case  amounts t o  3.9 m i l l i o n  b a r r e l s ,  which corresponds 

roughly t o  10% of c u r r e n t  o i l  usage f o r  space h e a t i n g  purposes. 

The CCC s c e n a r i o  of p ro jec ted  land use development i n  t h e  Nassau- 

Suf fo lk  reg ion  is c l e a r l y  more compatible w i t h  o p p o r t u n i t i e s  f o r  s h i f t i n g  

t o  the g r e a t e r  use of e l e c t r i c i t y  than the US scenar io .  Its g r e a t e r  r e l i a n c e  

on multi-family u n i t s  t o  house t h e  populat ion i n c r e a s e  is l i k e l y  t o  i n c r e a s e  

a l l - e l e c t r i c  i n s t a l l a t i o n s ,  which can minimize f i r s t  c o s t s  and l e a d  t o  reduced 

maintenance. Those i n s t a l l a t i o n s  w i l l  be f u r t h e r  encouraged a s  more and 

more s t a t e  u t i l i t y  r e g u l a t o r y  a u t h o r i t i e s  move t o  r e q u i r e  metering of 

i n d i v i d u a l  apartments ' e l e c t r i c a l  usage.  

I n  t h e  t r a n s p o r t a t i o n  s e c t o r ,  t h e  h igher  populat ion d e n s i t i e s  and 

t h e  increased i n t e r s p e r s i o n  of r e s i d e n t i a l ,  cornrnercia1,and i n d u s t r i a l  a c t i v i -  

t i e s  i n  the CCC development scenar io ,  w i l l  s u b s t a n t i a l l y  improve t h e  opportuni-  

ties f o r  u t i l i z a t i o n  of mass t r a n s i t  systems, and shor t -haul  e l e c t r i c  auto- 

mobiles and buses,  p r i m a r i l y  through t h e  a s s o c i a t e d  reduct ions  i n  average 

t r i p  l e n g t h s  and t h e  l i m i t e d  s e t  of high d e n s i t y  a c t i v i t y  c e n t e r s .  Quantifying 

the pro jec ted  i n c r e a s e s  i n  e l e c t r i c a l  demands t h a t  w i l l  accompany t h e s e  

developments f o r  any p a r t i c u l a r  r eg ion  r e q u i r e s  s e p a r a t e  s t u d i e s .  Est imates  

can be made, however, u t i l i z i n g  e x i s t i n g  t r a n s p o r t a t i o n  models and t h e  r e s u l t s  

i n s e r t e d  i n  t h e  a p p r o p r i a t e  energy worksheets. 



With r e s p e c t  t o  r e g i o n a l  energy s u p p l i e s ,  one f u r t h e r  p o i n t  should 

be  noted.  This r e l a t e s  t o  impacts of p ro jec ted  r e s t r i c t i o n s  i n  n a t u r a l  gas 

s u p p l i e s  t o  the reg ion .  It is c l e a r  from the worksheets t h a t  such r e s t r i c t i o n s  

w i l l  n o t  s e r i o u s l y  impact the reg ion ,  w i t h  t h e  p o s s i b l e  except ion of a  s e l e c t e d  

s e t  of i n d u s t r i e s  which r e q u i r e  "clean" f u e l s .  I n  p a r t  t h i s  s i t u a t i o n  d e r i v e s  

from t h e  r e l a t i v e l y  low e x i s t i n g  use of t h i s  f u e l  i n  t h e  region.  It a l s o  is  

based on t h e  a b i l i t y  t o  e a s i l y  s u b s t i t u t e  o t h e r  f u e l s  f o r  n a t u r a l  gas i n  

r e s i d e n t i a l  and commercial s e c t o r s .  

I 

Conclusions 

Although the land use/energy a n a l y s i s  we have c a r r i e d  o u t  f o r  t h e  

Nassau-Suffolk reg ion  should be viewed a s  pre l imihary i n  n a t u r e ,  i t  can be 

used t o  draw a number of i n t e r e s t i n g  conclus ions .  

1 )  I n s o f a r  a s  t h e  Nassau-Suffolk r e g i o n a l  Master P lan  (as  presented i n  

t h e  Cor r idors ,  C l u s t e r s ,  and Centers  Scenario) r e p r e s e n t s  a  t a r g e t  

des ign  f o r  p a t t e r n i n g  t h e  major o u t l i n e s  of f u t u r e  land use  a c t i v i t i e s ,  

i t  w i l l  provide  t h i s  a r e a  wi th  both  a  reduced energy expendi ture  budget 

and a n  inc reased  f l e x i b i l i t y  i n  cons ider ing  a l t e r n a t i v e  elements i n  i t s  

energy supply system. 

2) While t h e  f i n a l  l and  use  mix and arrangements i n  t h i s  r eg ion  w i l l  n o t ,  

i n  themselves, determine t h e  d c r a i l e d  c h o r a c t e r l s t l c s  uT t h e  energy demand 

and f u e l  usage, th e x t e n t  t o  which c e r t a i n  energy supply and end-use 

technologies  a r e  u t i l i z e d  is t i e d  t o  t h e  ensuing p a t t e r n  of development 

p a r t i c u l a r l y  i n  t h e  r e s i d e n t i a l  and t r a n s p o r t a t i o n  s e c t o r s .  

The e f f o r t  r equ i red  t o  inc lude  energy cons idera t ions  i n  t h e  r e g i o n a l  

land use planning process  does n o t  r e q u i r e  a  major investment of man- 

power. Most of the d a t a  sources  u t i l i z e d  a r e  a v a i l a b l e  t o  planning 

agencies  and energy consumption i n  each s e c t o r  can be c a l c u l a t e d  from 

the b a s i c  energy f a t e n s i t y  c o e i f i c i e n t s  provided ia t h e s e  workshre~s.  

Furthermore, once t h e  b a s i c  s e t  of land use-energy d a t a  i s  obta ined,  

i n d i v i d u a l  elements can be r e f i n e d  over a per iod of t i m e  a s  more informa- 

t i o n  becomes a v a i l a b l e  from n a t i o n a l ,  s t a t e ,  o r  l o c a l  sources .  This 

means t h a t  r e g i o n a l  planning agencies  should be  a b l e  t o  s e t  up a  b a s i c  



land use-energy informat ion and a n a l y t i c a l  system wi th  r e l a t i v e  e a s e .  

B. A Community Redevelopment Design i n  Tucson 

Aided i n  p a r t  by n a t i o n a l  demographic t r ends  which have seen l a r g e  s h i f t s  

of populat ion t o  t h e  southwest s u n b e l t ,  t h e  C i t y  of Tucson and i t s  surrounding 

a r e a  is growing a t  a very  rap id  r a t e .  Assuming the  con t inua t ion  of t h e s e  

t r ends ,  t h e  c u r r e n t  populat ion of t h e  a r e a  which i s  450,000 is  due t o  i n c r e a s e  

t o  800,000 by t h e  year  2000. A s  i s  t y p i c a l  i n  such c a s e s  where r a p i d  and major 

land use  development occurs  i n  t h e  environs  of an  e x i s t i n g  c i t y ,  numerous 

changes i n  the  inner  c o r e  of Tucson a r e  a l s o  t ak ing  p lace .  I n d u s t r i e s  and 

bus inesses  a r e  fol lowing the  populat ion s h i f t s  and i n  some a r e a s  of Tucson t h i s  

has l e d  t o  a c t u a l  l o s s e s  i n  populat ion and a d e t e r i o r a t i o n  of neighborhoods i n  

some p a r t s  of t h e  c i t y .  Tucson proper has  developed i n  such a way a s  t o  promote 

low d e n s i t y  r e s i d e n t i a l  a r e a s  surrounding more dense commercial a r e a s .  Laid 

o u t  i n  t h e  t r a d i t i o n a l  g r i d  s t r u c t u r e ,  i t  provides ample s t r e e t s  and road 

networks f o r  movement by automobile throughout the  c i t y ,  and from t h e  c i t y  t o  

i t s  surrounding convent ional ly  s t r u c t u r e d  suburban a r e a s .  The r a p i d i t y  of 

development and the  l a r g e  and r e l a t i v e l y  low-cost open l ands  a v a i l a b l e  more 

d i s t a n t  from t h e  core  have r e s u l t e d  i n  a s i t u a t i o n  i n  which s i z e a b l e  p a r c e l s  of 

land remain vacant  w i t h i n  t h e  i n t e r  c i t y .  

Both from t h e  pe rspec t ive  of mainta ining a conta ined growth p o l i c y  f o r  t h e  

reg ion  and a s  a means of encouraging conservat ion of energy resources ,  f u r t h e r  

development and redevelopment of inner -c i ty  a r e a s  of Tucson i s  d e s i r a b l e .  Not 

only  would such development provide g r e a t e r  ameni t i e s  t o  populat ion groups now 

l i v i n g  i n  t h e  inner  c i t y ,  bu t  i t  would i n c r e a s e  t h e  a t t r a c t i v e n e s s  of t h e  

i n n e r - c i t y  a r e a s  t o  incoming r e s i d e n t s ,  many of whom a r e  r e t i r e d  and have been 

a t t r a c t e d  t o  t h e  ~ u c s o n  a r e a  because of i t s  c l i m a t e  and r e c r e a t i o n a l  o p p o r t u n i t i e s .  

The renewal des ign  s tudy  by Conklin & Rossant/Flack 6 Kurtz (6 8, provides  an example 

f o r  achieving d e s i r a b l e  forms of urban r e v i t a l i z a t i o n  which a r e  compatible wi th  

more e f f i c i e n t  uses  of a v a i l a b l e  energy s u p p l i e s .  

Census t r a c t s  6 and 7 ,  t h e  a r e a s  chosen f o r  s tudy,  , a r e  a d j o i n i n g  t r a c t s  

loca ted  on t h e  sou thern  edge of t h e  c e n t e r  c i t y  a r e a  which toge ther  c o n s i s t  

of 960 a c r e s .  The Univers i ty  of Arizona, a f o c a l  p o i n t  of r e t a i l  bus iness  i s  

l o c a t e d  j u s t  west  of t h e  a r e a .  The p r e s e n t  populat ion t rend  i n  t h e  s tudy  a r e a  

is  one of d e c l i n e .  The combined populat ion i n  bo th  t r a c t s  decreased by 



approximately 10% between 1970 and 1975. A t  p r e s e n t ,  61% of t h e  land a r e a  i n  

t h e s e  t r a c t s  i s  occupied by s i n g l e  family  u n i t s .  Commercial a c t i v i t i e s  account 

f o r  11%; i n d u s t r i a l  a c t i v i t i e s  2%. Trac t  6 is b a s i c a l l y  a s i n g l e  family  community 

w i t h  multi-family u n i t s  s c a t t e r e d  throughout. Commercial development i s  mostly 

l o c a t e d  along major east-west thoroughfares  with g r e a t e r  concen t ra t ions  a t  

i n t e r s e c t i o n s  wi th  north-south s t r e e t s .  Trac t  7 has  two s i g n i f i c i a n t  d i f f e r e n c e s  

i n  i ts  land use p a t t e r n .  There i s  a l a r g e  quadrant of s i n g l e  family  u n i t s  

f u l l y  bui l t -up i n  long suburban subd iv i s ion  blocks ,  and t h e  a r e a  c o n t a i n s  a 

s i g n i f i c a n t  amount of bus iness - indus t r fa l  development. 

A s  noted above, t h e  major i n t e n t  of t h e  Conklin & Rossant/Plack & Kurtz 

s t u d y  was t o  exp lore  land u s e  des igns  which were both  c o n s i s t e n t  wi th  "good" 

des ign  c r i t e r i a  and long-term reduced energy expendi tures .  I n  a s s e s s i n g  t h e  

energy impl ica t ions  of such community des igns  one should d i f f e r e n t i a t e  between 

energy consumption a s  it occurs wi th in  t h e  s e l e c t e d  a r e a  due t o  on-s i te  

a c t i v i t i e s  and those  o r i g i n a t i n g  o u t s i d e  t h e  a r e a  and making use  of commercial 

and i n d u s t r i a l  f a c i l i t i e s  wi th in  t h e  a rea .  One should a l s o  consider  t h e  

i n d i r e c t  energy impacts occurr ing i n  a r e a s  surrounding t h e  s e l e c t e d  census 

t r a c t s .  I n  t h e  l and  uselenergy a n a l y s i s  presented h e r e ,  a t t e n t i o n  i s  

r e s t r i c t e d  t o  t h e  d i f f e r e n c e s  i n  on-s i t e  energy consumption t h a t  would r e s u l t  

from a so-cal led  "planned" and "unplannedf' development of t h e  two census t r a c t s .  

The omission of t h e  d i r e c t  and i n d i r e c t  impacts on energy consumption p a t t e r n s  

of a c t i v i t i e s  occurr ing o u t s i d e  t h e  a r e a  is  j u s t i f i e d  irl th i s  case only because 

of t h e  r e l a t i v e l y  smal l  s i z e  and popula t ion  involved.  

The o u t l i n e  used t o  p resen t  t h e  Tucson r e s u l t s  i s  s i m i l a r  t o  t h e  Nassau- 

S u f f o l k  case. Data sources  have been coni ined t o  those  nonnai iy  a v a i l a b l e  i n  

any reg ion  of t h e  country.  Worksheets have been prepared f o r  e x i s t i n g ,  planned, 

and unplanned development of t h e  two t r a c t s  u t i l i z i n g  s e t s  of parameters 

d e s c r i b i n g  land usage and t r a n s p o r t a t i o n  i n  t h e  t h r e e  cases .  The r e s u l t s  a r e  

p resen ted  i n  terms of comparative d i f f e r e n c e s  i n  t h e  land use  and energy usages. 

Once again ,  we p o i n t  ou t  t h e  instructional n a t u r e  of t h i s  case  example. 

C l e a r l y  o ther  a l t e r n a t i v e  des igns  could be prepared f o r  t h e  redevelopment of 

t h e s e  neighborhoods. To t h e  e x t e n t  each of t h e s e  can be  c h a r a c t e r i z e d  by a 

set of inpu t  parameters of t h e  type given i n  t h e  worksheets,  t h e i r  a s s o c i a t e d  

energy expendi tures  can be  d e a l t  wi th  by t h e  same procedures.  



C h a r a c t e r i s t i c s  of Community Energy Suppl ies  

The r o l e  of t h e  energy supp ly-d i s t r ibu t ion  system cons idera t ions  i n  a 

land uselenergy a n a l y s i s  of a  community l e v e l  des ign i s  u s u a l l y  d i f f e r e n t  

from t h a t  found i n  a  r e g i o n a l  land uselenergy analyses .  The smal l  s i z e  of 

t h e  land a r e a  involved and t h e  r e s u l t i n g  t o t a l  energy demand seldom al low one 

t o  consider  energy supply op t ions  o t h e r  than those  l o c a l l y  a v a i l a b l e  t o  t h e  

l a r g e r  surrounding region.  Thus, t h e  c h a r a c t e r i z a t i o n  of t h e  supp ly-d i s t r ibu t ion  

system should be  included p r imar i ly  a s  a  r e f l e c t i o n  of t h e  c o n s t a i n t s  imposed 

on t h e  land use  des igns  considered.  To t h i s  e x t e n t ,  i t  is u s u a l l y  s u f f i c i e n t  

to J e I i n e  an e x i s t i n g  f u e l  supply breakdown and es t lmares  of any bounds which 

may be imposed on t h i s  f u e l  supply a s  a  r e s u l t  of a c t i o n s  being contemplated 

by l o c a l  u t i l i t i e s  o r  s t a t e  regu la to ry  agencies .  One should a l s o  inc lude  

informat ion,  t o  t h e  e x t e n t  it  is a v a i l a b l e ,  of l i k e l y  s h i f t s  i n  t h e  comparative 

p r i c e s  of f u e l s .  Exceptions t o  viewing community energy s u p p l i e s  i n  t h i s  

l i g h t  do occur ,  such a s  those  where unique o p p o r t u n i t i e s  may e x i s t  f o r  con- 

s i d e r i n g  t h e  use of decen t ra l i zed  energy supply technologies  such a s  s o l a r  

energy, i n t e g r a t e d  u t i l i t y  systems, s o l i d  waste h e a t  recovery,  e t c .  I n  

such cases ,  a  wider range of community energy supply op t ions  e x i s t  which may 

be of i n t e r e s t  t o  both community and h igher  l e v e l  governmental u n i t s .  This  

was t h e  c a s e  f o r  t h e  s tudy area i.n Tursnn. 

Because of t h e  e x i s t e n c e  of high i n s o l a t i o n  l e v e l s  i n  t h i s  p a r t  of 

t h e  country  and t h e  proximity of indust r ia l ly-zoned.  a r e a s ,  t h e  p o t e n t i a l  

energy savings  d e r i v a b l e  from t h e  use of combined h e a t  recovery and c e n t r a l  

hea t ing  and cool ing f a c i l i t i e s  and s o l a r  product ion of ho t  water  were . 

considered in t h e  Conklin & ~ o s s a n t / F l a c k  & Kurtz design.  Their  i n c l u s i o n  

i n  t h e  l and  uselenergy a n a l y s i s  i s  n o t  in tended t o  s u b s t i t u t e  f o r  a  d e t a i l e d ,  

engineer ing and c o s t  a n a l y s i s ,  but  t o  p resen t  t h e  r e s u l t s  of u t i l i z i n g  such 

supply systems i n  terms of t h e i r  o v e r a l l  land use-energy,implications. More 

s p e c i f i c a l l y ,  e s t imates  were made of t h e  p o s s i b l e  reduc t ion  i n  convent ional  

f u e l  load ings  i n  t h e  r e s i d e n t i a l  and commercial s e c t o r s  and t h e  parameters 

used i n  prepar ing t h e  worksheets were ad jus ted  accordingly .  The e s t i m a t e s  

were prepared a s  p a r t  of t h e  Conklin & Rossant/Flack & Kurtz s tudy  and t h e  

reader  is  r e f e r r e d  t o  t h e i r  s tudy f o r  d e t a i l s  of t h e  c a l c u l a t i o n s .  



Current  P a t t e r n s  of Energy U t i l i z a t i o n  

The assembly of demographic informatfon on t h e  Tucson a r e a  f o r  use i n  

t h e  energy worksheets is q u i t e  s t ra igh t fo rward  and fol lows t h e  p a t t e r n s  ou t l ined  

p rev ious ly  f o r  t h e  Nassau-Suffolk case.  The d a t a  sources  a r e  l a r g e l y  those  

l i s t e d  i n  Chapter 111. Where b a s i c  fnformat ion is unava i lab le ,  v a r i o u s  

e s t i m a t i o n  procedures were u t i l i z e d  which a r e  descr ibed i n  f o o t n o t e s  t o  

t h e  worksheets. A summary of a l l  d a t a  and information sources ,  w i t h  s p e c i f i c  

c i t a t i o n s ,  a r e  catalogued i n  t h e  worksheet foo tno tes .  

Some unique a s p e c t s  of t h e  d a t a  c o l l e c t i o n  e f f o r t  i n  t h e  Tucson a r e a  

a r e  d i r e c t l y  r e l a t e d  t o  e a r l i e r  comments concerning t h e  Nassau-Suffolk case  

and t h e  d i s c u s s i o n  of d a t a  sources  i n  Chapter 111. I n  genera l ,  fo l lowing 

t h e  p a t t e r n  of d a t a  c o l l e c t i o n  e f f o r t s  elsewhere,' t h e  r e s i d e n t i a l  s e c t o r  d a t a  

a r e  e a s i l y  obta ined,  a s  i s  some genera l  informat ion on commercial, i n d u s t r i a l ,  

and t r a n s p o r t a t i o n  s e c t o r s .  However, a s  might be t y p i c a l  i n  many a r e a s  of 

t h e  country ,  t h e r e  are s p e c i f i c  o rgan iza t ions  i n  t h e  Tucson a r e a  which have 

r e l e v a n t  data .  For example, t h e  Tucson Planning Department c a r r i e s  out  s p e c i a l  

census surveys  a t  v a r i o u s  t imes.  The r e s u l t s  of such a  census c o n t a i n  sane  

d e t a i l e d  informat ion on housing s t o c k ,  o f f i c e  and r e t a i l  a c t i v i t y  i n  t h e  

commercial s e c t o r ,  i n d u s t r f a l  employment, and modal s p l i t  characteuiseles of 

t h e  t r a n s p o r t a t i o n  system. I n  a d d i t i o n  t o  such planning department informat ion,  

a  l o c a l  bank mainta ins  some informat ion on commercial f loorspace  i n  t h e  a rea .  

The l o c a l  u t i l i t y  provided e s t i m a t e s  of t h e  f u e l  mix i n  t h e  commercial s e c t o r ,  

wliich is  o f t e n  d i f f i c u l t  t o  obta in .  Other d a t e  were der ived from t h e  U.S. Census 

and o t h e r  s tandard r e f e r e n c e s  noted e a r l i e r .  Where in format ion  was l ack ing ,  

it is  noted on t h e  worksheet t h a t  e s t i m a t e s  were based upon t h e  procedures 

o u t l i n e d  in Chapter 111. 

The c a l i b r a t i o n  and v e r i f i c a t i o n  of t h e  energy c a l c u l a t i o n s  of t h i s  

s m a l l  a r e a  of Tucson prove q u i t e  d i f f i c u l t .  For such smal l  communities, i t  

is  o f t e n  d i f f i c u l t  t o  o b t a i n  u t i l f t y  d a t a  which r e l a t e  s p e c i f i c a l l y  t o  t h e  

a r e a  of study. The d a t a  g e n e r a l l y  a v a i l a b l e  from t h e  u t i l i t y  w i l l  be aggregated 

t o  much l a r g e r  regions.  S i m i l a r l y ,  it is  d i f f i c u l t  t o  o b t a i n  energy i n p u t s  t o  

t h e  t r a n s p o r t a t i o n  s e c t o r ,  s o  t h a t  whi le  t h e  b a s i c  parameters which determine 

energy consumption i n  t h e  a r e a  may b e  compared a g a i n s t  planning department 

e s t i m a t e s  and t h e  l i k e ,  no d i r e c t  energy consumption f i g u r e s  f o r  t r a n s p o r t a t i o n  



a r e  a v a i l a b l e  a s  a v e r i f i c a t i o n  of t h e  end r e s u l t  of t h e  c a l c u l a t i o n .  These 

cons idera t ions  s e r v e  merely t o  emphasize t h a t  t h e  a b s o l u t e  l e v e l s  of energy 

consumption a r e  d i f f i c u l t  t o  v e r i f y .  A t  t h e  same t ime, t h e  way i n  which energy 

consumption a s s o c i a t e d  w i t h  a l t e r n a t i v e  land use p a t t e r n s  is  e s t a b l i s h e d ,  t h e  

r e l a t i v e  energy changes a s s o c i a t e d  wi th  a l t e r n a t i v e  land use  p a t t e r n s  

can be es t imated wi th  more c e r t a i n t y ,  

The worksheets were const ructed u t i l i z i n g  t h e  1975 land  use  informat ion 

shown i n  Table 40, which w a s  taken from t h e  Conklin & ~ o s s a n t / ~ l a c k  & Kurtz 

s tudy a s  we l l  a s  t h e  planning department and o t h e r  agency sources  noted above. 

The base  case  worksheets a r e  given i n  Tables 41, 42, 43, and 44 f o r  t h e  

r e s i d e n t i a l ,  t r a n s p o r t a t i o n ,  commercial, and i n d u s t r i a l  s e c t o r s ,  r e s p e c t i v e l y .  

Since housing u n i t s  i n  t h e  a r e a  tend t o  be  somewhat l a r g e r  than t h e  1300 square  

f e e t  def ined a s  t h e  s tandard house e a r l i e r ,  t h e  r e s i d e n t i a l  c a l i b r a t i o n  shee t  

i n  Table 41A inc ludes  t h e  adjustment f o r  t h i s  s i z e  increment. The o v e r a l l  

c u r r e n t  p a t t e r n  of energy consumption f o r  t h e  a r e a  is  summarized i n  t h e  

Table 45. The i n d u s t r i a l  energy use  i n  t h e  region i s  q u i t e  smal l  because 

t h e  region con ta ins  l i t t l e  i n d u s t r i a l  employment, and t h a t  employment p resen t  

i n  t h e  a r e a  i s  l i g h t  indust ry .  The p a t t e r n  of t r a n s p o r t a t i o n  energy 

consumption r e f l e c t s  t h e  use of t h e  automobile f o r  v i r t u a l l y  a l l  t r a n s p o r t a t i o n  

i n  such areas .  Overal l ,  t h e  p a t t e r n  of c u r r e n t  energy use i s  no t  u n l i k e  t h a t  

of suburban communities elsewhere. 

Development Scenar ios  

The Conklin & Rossant/Flack & Kurtz s tudy d e s c r i b e s  two s c e n a r i o s  

f o r  f u t u r e  development through t h e  year  1995. One is  a p r o j e c t i o n  of 

development a s  it  is  l i k e l y  t o  occur assuming a con t inua t ion  of c u r r e n t  

t rends .  Th is  is  labe led  a s  "unplanned". The o t h e r  is  based on t h e  Conklin & 

Rossant/Flack & Kurtz des ign;  t h i s  i s  labe led  a s  "planned". The p ro jec ted  

growth o r  d e c l i n e  i n  land use a c t i v i t i e s  f o r  both  scenar ios  i s  shown i n  

Table 40. 

Because of t h e  smal l  s i z e  of t h e  a r e a  under cons idera t ion ,  t h e  c o n s t r a i n t  

of mainta ining an e q u a l i t y  i n  r e g i o n a l  development parameters imposed i n  t h e  

Nassau-Suffolk scenar ios  was considered t o o  r e s t r i c t i v e .  I n s t e a d ,  land use  

development parameters f o r  t h e  two scenar ios  were der ived independently 



C ~ r r e n t  (1975) 

Popu la t ion  9760 

TABLE 40 

CURRENT AND PROJECTED l&lD USE I N  TUCSON STUDY M E A  

Horns i n g  

s ing le - fami ly  3540 (80%) 
mul t i -£  ami l y  SrOO (20%) 

&LOO 

Commercial f l c o r s p a c e  870 thous .  sq. f t .  

I n d u s t r i a l  employment 435 
( l o c a l )  

T o t a l  Passenger  Miles  4 1  m i l l i o n  mi. 

Modal S p l i t  
a u t o  
bus  
walk 

Unplanned (1995) Planned (1995) 

9255 12000 

870 thous., sq .  f t .  1340 thous .  sq .  i t .  

10 30 10 30 

36 m i l l i o n  m i .  48 m i l l i o n  m i .  

Otherlwork Shop 
9 7 97 

Otherlwork Shop 
80 60 



TABLE 4 1  

1975 TUCSON 
Census Tract 6 & 7 

RESIDENTIAL memy WORKSHEET 
( " a "  = number  o f  d w e l l i n q  u n i t s )  

UNIT DEMRND 

H e a t /  s e a t /  
COO1 C o o l  
S e a s o n   ema and 
( O d a y s )  ( B t u / y r  

p e r  "a') 

d  D 

nousanc 
S i n q l e  F a m i l y  

D e t a c h e d  

s p a c e  h e a t  1776") 14  .8°' 
a i r  c o n d .  - 3500(2) 

c e n t r a l  
room 9.3 

u n i t  
E n e r g y  
Demand 
(Btu . /yr  
p e r  "a"  ) 

EU 
M i l l i o n  

I S i n q l e  F a m i l y  
y A t t a c h e d  

s p a c e  h e a t  
a i r  c o n d .  - 

I c e n t r a l  
room 

Low R i s e  

s p a c e  h e a t  1776 6.7 11 .9  
a i r  c o n d .  - 3500 

c e n t r a l  9.8 34.4 
room 3.9 1 3 .  i 

H i g h  R i s e  

s p a c e  h e a t  
a i r  c o n d .  - 

c e n t r a l  
room 

A l l  D n i t s  

w a t e r  h e a t  1 8  
k a n g e  
e l e c t r i c  a p p l .  - 

4 - 2 1 

ENERGY EMAND 

L a n d  T o t a l  
U s e  E n e r g y  
A c t i v i t y  Demand 
( " a " )  ( B t ~ / y r )  

a  

E109 

3 5 4 0 ' ~ )  92.2 

318'~) 25.9 
9 2 0 ' ~ '  29.9 

gooc6) 10.7 

81") 2.8 
234") 3.2 

4440") 

U n i t  L a n d  T o t a l  
E l e c t r i c  use E l e c t r i c  

Consump. Activity Consump. 
( B t u / y r  ( * a # - )  ( B t u / y r )  
p e r  " a " )  

b fog 

2 1 . 0 ' ~ )  177 

3 2 . 7  318 10.4 
16.4 920 1.5.1 

9 . 5  .4 

13.8 1.1 
6.9 1 .6  

18"') 1 7 8  3.2 

FUEL CONSUMPTION 

4"') 1465 5.9 
21(12) 4440 93.2 

U n i t  L a n d  T o t a l  
G a s  U s e  G a s  
Consump. A c t i v i t y  Consump. 
( ~ t u / y r  ("a' .)  ( B t u / y r )  
p e r  " a " )  

4440 17 .8  
4440 93.2 - 

9 356 x 1 0  Btu/yr 304 x l o 9 B t u / y r  e t u / y r  134.6 x 1 0 9 B t u / y r  
( 2  1 . 0 3  m i l l i o n  Btu/Mcf) (i 1 4 0  t h o u s a n d  Btu,'Cal) ( A  3 4 1 2  Btu/Kwh) 

G a l l o n s  

295 thous. M c f  39.4 mill. Kwh 

U n i t  L a n d  T o t a l  
O i l  U s e  O i l  
Consump. A c t i v i t ,  Consump. 
( B t u / y r  ( " a " )  ( B t u / y r )  
p e r  " a " )  

. 

Fu b b' F 

M i l l i o n  

4 0 . 3 ~ ~ )  3363(13) 136'16: - - 

18 .3  855 15.6 

- 
v 

(17) 

- - 



NOTES TO TABLE 41 

1. Data from Figure  2  and Ref. 68, p  .37. 

2. Data from Figure  3. 

3. Data c a l c u l a t e d  from R e s i d e n t i a l  Region S p e c i f i c  C a l i b r a t i o n  Sheet .  

4.  .Room a i r  cond i t ioner  demand 40% of c e n t r a l .  

5 .  E u = d . D  

6 .  1975 S p e c i a l  Census Ref.  68, p. 3 6 .  

7. 1970 Census, De ta i l ed  Housing C h a r a c t e r i s  t i c s  - Arizona 
p. 4-71, 7-74, app l ied  C i t y  of Tuscon, 
Room/ Cent ra l /none /A/~ /mix  t o  Census Trac t s  6&7 ' s  4400 dwel l ing u n i t s .  

8 .  To ta l  number. of dwel l ing u n i t s  wi th  water  h e a t ,  range and e l e c t r i c  
app l iances  (4440 = 3540 s i n g l e  family  & 900 r n ~ l i t f a m i l y ~ .  

9 .  Space h e a t i n g  FU = E /e ;  e  = .65 gas ,  1.25 e l e c t r i c .  
U 

10.  Water h e a t  FU = E. / e ;  e  = .65 gas., 1.00 e l e c t r i c .  u  

11. Range FU = EU/e; e  = .38 gas ,  1.00 e l e c t r i c .  

12.  E l e c t r i c  app l iances  FU = ~ ~ / e ;  e = 1.00 e l e c t r i c .  

13.  95% of S ing le  family  (and Low r i s e )  space h e a t  by gas ,  op. c f t .  Note 7.  

14.  96% of water h e a t  supp l ied  - .  by gas, op. c i t .  NoLe 7. -- 

15.  67% of a l l  cooking by gas,  op. ~ i t .  Note 7. 

16.  F  = F .b.  
U 

17.  Al located 35 o i l  heated homes t o  gas.  

18.  A i r  cond i t ion ing  FU = E /e ;  e  = 2.5 c e n t r a l ,  e  = 2.0 room. u  



TABLE 41A 

1975 Tucson 

m i n a l  
goat 
Demand 

HEATING stuPdy 

FxlstnqstoEE- 
(a) . . 

Single-family detached 
14.000 

Sinqle-temily attached 

Im Rise 7,500 

High Rise 

New construction 

Single Fanily 
Detached 10.300 

single Family 
Attached 

Low Rise 5.500 

High Rise 

COOLING (6) 
Existing Stock 

Single-family 
detached 22,000 

Low Rise 11,200 

New Construction 

Single-family 
detached 15,500 

Low Rise 8,100 

sxze - 
Incremental 

B~UP*, size Heat 
per Increment Demand 
89. ft. 

(b) 

7.6 +76oC4) 

RESIDmTIAL REGION-SPECIFIC CALIBRATION 

INSUWITION 

~ t u P d  Incremental Incremental 
per Ceiling R Heat 
Ceilinp Demand 
R 

~ t u P d  Incremental Incremental ~egion-specific 
Per 1% % Heat Heat Demand 

(15%) Demand I stu/Ody 

1. To e x h i b i t  ca l ib ra t ion  worksheet u t i l i z a t i o n ,  we assume 1400'eq.ft .  s i ng le  family homes and 1100 s q . f t .  low r i s e  homes. 
2. Size increment i e  ac tua l :  1300 - 1400-1300 - +I00 
3. Same as  2 except  1200-1300 = -100. 
4.  Incremental h e a t  demand i e  Btul0daylsq.ft .  mul t ip l ied  by s i z e  increment. 

Single-family: 7.6 x. +lo0 = +760; Low r i s c :  4.0 x -200 = -800. 
5. Region-specific hea t  d~mand Btuloday is  the  sum of the  nominal heat  demands ind the adjustments being made. 

Sin'gle-family: 14,COO +760 = 14760; low r f s e  7500 +(-800) - 6700. 
6. The same methodology is appl ied to  new const ruct ion and the  adjustments f o r  :ooling demands. 



Table 42  

1975 Tucson Existing 

UNIT DPIRW) 
- 

V e h i c l e  V e h k l e  u n i t  
Energy f o c a p a n c y  m e r g y  
Demand Rate  m n a n d  

(B:u/veh. mi) (8 tu /p t fy  - mil 

work - 
A U ~ O  1840 1.: 1540 
EUB 4630 20. 230 
F a i l / d i e s e l  ,53200 40. 1330 

e l e c t r i c  LBlOO 40. 550 
wE1k 
A C ~ O  1840 1.0 1270 

I 
E l k  7050 23. 310 

T r i p  Furpose/Mode 

E P E  + V 
U v 

l = a - 0  

M = 364-S.L 

E = EUsT'M 

4440 Dwelling .Jnita 

Passenger  T r i p s  - T ~ b l e  16  - Medium Income 

Lverage T r i p  Length - Table  17  - IIlcome Leve l  2 

Fodal  S p l i t  - (Eef. 68) - 97% Anto, 3% Bus. 

F = E / e ;  e = .20 A u t o  t BUS: .30 diese: 
u u 

t = T'M 

P P  FU .b 

I 

TPANSFORTATIOU ENEXGY WORKSHEET 

ENEEY D W D  

m i l y  Dai ly  Avera3e Modal Pase.  ~ o e l  
Land Tr-p x i g i n s  Yassengsr T r i p  S p l i t  Annual ~ n - g y  

A c t i v i t y  E.ez household T r i p e  Length ( X )  Miles  ~ e m n d  
(no. hcuaehcl3) (round t.:ip) 

a o S 
(3)  (Btu/efj 

I I 

270 x 10' Btu/yr Rtu/yr 
140 thausand.Btu/Gal) ( t  3412 ~ t u / ~ w l > )  

1 .9  m i l l i o n  colI, ,ns Kwh 

FUEL CONSUMPTION 

Unit m t a l  T o t a l  
O i l  P a s s .  O i l  

Denand Miles Consump. 
(Btu/yr) 

U n i t  T o t a l  T o t a l  
Elec t .  P a s s .  E l e c t r i c  
Dcmand Miles Consump. 

IBtu/yr) 



TABLE 43 

1 9 7 5  Tucson 

COMMERCIAL ENERGY WORKSBEET 
( " a "  = s q u a r e  f e e t )  

UNIT DEMANI) ENERGY DEMAND NU CONSUMPTI ON 

Heat /  Heat /  I n t e r n a l  U n i t  
3emand E n e r q  COO1 c o o 1  

Sgason Demand c B t U /  
( d a y s )  ( B t u / s q . f t .  s q . f t . 1  (Btu; 

p e r  W a y  1 s q .  t t . )  

Land T o t a l  
Energy 

K i v i t y  Demand 
( " a " )  (B tu /y r )  

U n i t  Land T o t a l  
Gas Use Gas 
consump. A c t i v i t y  consump. 
( ~ t u / y r  ( " a " )  (B tu /y r )  
p e r  "a" )  

U n i t  Land T o t a l  
Oi  1 Use O i l  
Consump. A c t i v i t y  Consump. 
(B tu /y r  ( " a " )  ( ~ t u i y r )  

d  D  
F  

Off i c e  
s p a c e  h e a t  
a i r  cond . 

1776 19 2 0 
3500 18 

( 1  

U n i t  L a n d  m t a l  
E l e c t r i c  use: E l e c t r i c  
consump. R c t : i v i t y  consump. 
( ~ t u / y r  (B tu /y r )  

p e r  "a" )  

Fu 
b F  

e l e c t r i c  

, R e t a i l  Mall  
s p a c e  h e a t  1 8  20 
a i r  cond . 20 20 
e l e c t r i c  

VI 
R e t a i l  S t r i p  

I s p a c e  h e a t  1776 22 20 59 
3500 20 22 a i r  cond .  9 7 

e l e c t r i c  34 

O t h e r  
s p a c e  h e a t  l7 76 16 15  43 

3500 15 a i r  cond.  1 5  68 
e l e c t r i c  3 2 

9 

p e r  " a " )  

59 170 
39 159 
34 212 

4 3 17 0.7 
2 7 17 
3 2 22 

0 .5  
0 .7  

14.6 x 10 

212") 1 3  
159 15  
212 7 

22(2) 1 
17 
22 

1 
1 

- - - 
- - - 

91  42 3.8 - - - - - - 

6 6 5 .3  - - - - - - 

132 x 10  Btu l 5 1 . 0 3  m i l l i o n  ~ t u / ~ c f )  ( I 1 4 0  t housand  Btu/Gal)  

1 4 . 1  Thous . M C F  gas G a l l o n s  9 
88.8 x 10  Btu /y r  

(: 3413 ~ t u / ~ w h )  

1. E = d.D+I 26 rnillionKwh 
2.  ~ k h m e r c i a l  space  870,000 s q . f t . ,  22,000 s q . f t .  I n s t i t u t i o n a l  (Census),  75% of Non I n s t i t u t i o n a l  is o f f i c e ,  25% R e t a i l  (Ref .  6 8 ) .  
3 .  75% of a l l  commercial space  a i r  condi t ioneC.  
4 .  Fu = Eu + e ;  e = .65 gas  and o i l ,  1 .00 e l e c t r i c  h e a t  and e l e c t r i c ,  2.5 a i r  c o n d i t i o n i n g .  
5 .  Assumed 20% of  commercial space gas  hea ted ,  80% e l e c t r i c a l l y  h e a t e d .  
6 .  F = F u . b .  

9 B t u / ~ r  B tu /y r  



TABLE 44 

1975 Tucson 

INUJSTRIAL ENERGY WORKSHEET 
("a"  = j e r  employee) 

L i g h t  I n d u s t r y  
p r o c e s s  
s p a c e  h e a t  
a i r  cond.  
e l e c t r i c  

Madium I n d u s t r y  
p r o c e s s  
s p a c e  h e a t  

I a i r c o n d .  
e l e c t r i c  

0 
Heavy I n d u s t r y  

I Ei:ZZ:eat 
a i r  cond. 
e l e c t r i c  

Ene rgy- in t ens ive  
p r o c e s s  

UNIT OEMhKD 

~ e ~ t /  m eat/ u n i t  
Cool  Cool  Energy 
S e i s o n  Demand Demand 
(02ays )  ( ~ t u / O d y l  iBtu/ya 

p e r  "a" )  

1. Taken from Table I1 and a s s m e  a l l  l i g h t  indus t ry .  
2 .  Given 182,000 s q . f t .  of l n d c s t r i a l  f loorspace  (Ref, 66, Census Trace 7) and assuming f loorspace  needed per employee equal  

t o  t h a t  of the  Nassau-Suffolk a r ea ,  impl ies  435 1 ig t . t  i n d u s t r i a l  employees. (Floorspace/Employee (N-S) = 
67 x 106/16 x l o 4  = 419 = 182,0130//1 Tuscon I n d u s k r i ~ l  Employees.) 

ENERGY DEMAND 

Land T o t a l  
u s e  Enerqy 
A c t i v i t y  DemanL 
( "a ' , )  ( ~ t u / y r )  

a  
0 

10' 

435(2) ~ 2 , 3 ( ~ :  

9 52.2 x 10 

3. E = E u . a  
4. From T a b l e . l l . 1 ,  F o s s i l  i s  u i l l i o n  Btu of f u e l s ,  and F,, = Eu/e, with e = .65 f o s s i l  and 1 .0  e l e c t r i c .  - 

F o s s i l  Fu = 83 + .65 + 6(Feedsmck) = 134 mi l l i on  ~t~ 
E l e c t r i c  E, = 31 m i l l i c n  Etu  (Table 12.1) . 

5. F = Fu.a 

(+1 .03  m i l l i o n  a t u / ~ c f )  ( j 1 4 0  lrhousand Btu/Gal) 
13.5 x 10 Btu/yr 

( f3413  Btu/Kwh) 
56.6 Thous. ~ c f  Ga l lons  4.0 m i l l i o n  Kwh 

3JEL COYSUMPTION 

U n i t  Land r o t a 1  
6 a s  u s e  Gas 
Consump. A c t i v i t y  Consump. 
[ ~ t u / y r  ( " a " )  (B tu /y r )  
p e r  "a") ,  

a  9 
:66 10 

(5: 134 '~ )  435 58.3 

Btu 58.3 x lo9 Btu/yr B tu /y  r  9 

U n i t  Land T o t a l  
O i l  u s e  Oi 1 
Consump. A c t i v i t y  consunp. 
( ~ c u / y r  ("a") ( ~ t x / y r )  
p e r  " a " )  

Fu a  F 

none 

U n i t  Land T o t a l  
E l e c t r i c  u s e  E l e c t r i c  
Consump. A c t i v i t y  Consump. 
( a t u / y r  ( " a " )  (Btu/yr)  
p e r  "a" )  

F a  F 

log 13.5 ( 5 :  



TABLE 45 

CURRENT TUCSON ENERGY PROFILE 

(19 75) 

Fuel  Consumption 
Energy 
Demand Ys O i l  E l e c t r i c  

Sec to r  lo9  B ~ U  10 mcf l o 3  Gal l o6  kwh 

R e s i d e n t i a l  .356 (60%) 295 (80%) - 39 (56%) 

Commercial 132 (22%) 14 (4%) - 26 (38%) 

I n d u s t r i a l  52 (9%) 57 (1.6%) - 4 (6%) 

Transpor ta t ion  54 (9%) - 1900 (loo%)* - 
6 9 

T o t a l  594 366 1900 

*Given t h e  assumption about t h e  ve ry  low consumption i n  t h e  
r e s i d e n t i a l  s e c t o r .  



from previous s t u d i e s  of development i n  t h e  genera l  a r e a  f o r  t h e  unplanned 

s c e n a r i o  and t h e  f i n a l  land use  des ign f o r  t h e  planned scenar io .  

The scenar io  f o r  planned development i s  based on t h e  elements e n t e r i n g  

i n t o  t h e  Conklin & ~ o s s a n t / F l a c k  & Kurtz des ign which a r e  summarized below. 

1. To reduce t h e  need f o r  r e l i a n c e  on t h e  automobile, and 

enhance persona l  t r a v e l  v i a  walking,  b ik ing ,  and t h e  use  of 

p u b l i c  t r a n s p o r t a t i o n ,  s t r e e t  p a t t e r n s  a r e  t o  be  rev i sed  

by e l imina t ing  some east-west and north-south thoroughfares  

and c r e a t i n g  a number of greenways through t h e  community. 

2. To take  advantage of  t h e  oppor tun i ty  f o r  t h e  s h a r i n g  of energy 

supply systems, new cons t ruc t ion  i s  focused on multi-family 

housing concentra ted a t  a few d e n s i t y  i n t e n s i f i c a t i o n  nodes 

loca ted  at e i t h e r  s f d e  of t h e  main shopping s t r e e t .  These 

nodes a r e  designed t o  provide l i v i n g  u n i t  s i z e s ,  open space,  

views, and f a c i l i t f e s  competf t ive  wi th  s i n g l e  family  u n i t s  

i n  t h e  area .  

3. I n  o rder  t o  decrease  t h e  need f o r  t r a v e l  t o  d i s t a n t  r e c r e a t i o n a l  

c e n t e r s ,  and t o  provide a d d i t i o n a l  ameni t ies  t o  neighborhood 

r e s i d e n t s ,  a d d i t i o n a l  f a c i l i t i e s  a r e  provided a t  a c i t y  

r e c r e a t i o n d  c e n t e r  5.n t h e  tmmediate a rea .  

4 ,  Addir ional  commercial growch I s  l imfeed ea exlselilg a r e a s  

loca ted  on principzil  automobile r o u t e s  o r  i n t e g r a t e d  i n t o  

h igher  d e n s i t y  r e s i d e n t i a l  a r e a s ,  wi th  one exception.  An 

a r e a  a t  t h e  south-westem edge of t h e  community is  proposed 

f o r  i n t e n s i v e  combined commercial-industrial  use.  This  

a r e a  con ta ins  a s o l i d  waste i n c i n e r a t o r  whose waste h e a t  

can s e r v e  both newly b u i l t  i n d u s t r i a l  f a c i l i t i e s  and nearby 

commercial and multi-family s t r u c t u r e s .  

I n  a d d i t i o n  t o  t h e s e  p ro jec ted  changes i n  t h e  p a t t e r n s  of l and  use  

and t r a n s p o r t a t i o n  i n  t h e  a r e a ,  t h e  community des ign inc ludes  energy 

cons idera t ions .  The p o t e n t i a l  u t i l i z a t i o n  of waste h e a t  recovery systems 

i n  d i s t r i c t  hea t ing  was mentioned. Both t h e  use  of hea t  pumps, and of 

s o l a r  hot  wa te r  hea t ing  a r e  a l s o  expected,  and t h e s e  developments a r e  

r e f l e c t e d  i n  t h e  worksheets. 



The unplanned scenar io  assumes a  cont inuing l o s s  of populat ion and 

business  a c t i v i t y  in t h e  a rea .  The c h a r a c t e r  of energy u t i l i z a t i o n ,  a s i d e  

from t h e  genera l  d e c l i n e  assoc ia ted  wi th  populat ion and bus iness  l o s s ,  w i l l  

undergo no s i g n i f i c a n t  change. 

The dominant s h i f t s  i n  energy consumption p a t t e r n s  between "planned" 

and "unplanned" development w i l l  occur i n  t h e  r e s i d e n t i a l  and t r a n s p o r t a t i o n  

s e c t o r s .  I n  t h e  r e s i d e n t i a l  s e c t o r ,  t h e  planned development s c e n a r i o  inc ludes  

t h e  cons t ruc t ion  of multi-family housing a t  d e n s i t y  nodes,  which would draw 

a  l a r g e r  populat ion i n t o  t h e  area .  I n  a d d i t i o n ,  t h i s  multi-family housing 

l e a d s  t o  lower energy consumption and faci .1itate.s  t h e  i n t r o d u c t i o n  of a 

d i s t r i c t  hea t ing  system. The in t roduc t ion  of s o l a r  hot  water h e a t i n g  i n  

new cons t ruc t ion  a l s o  l e a d s  t o  reduc t ion  of demand f o r  energy i n  t h e  

r e s i d e n t i a l  s e c t o r .  The p a t t e r n s  of new commercial growth i n  t h e  reg ion  a s  

w e l l  a s  t h e  r e v i s i o n  of s t r e e t  t r a f f i c  p a t t e r n s  w i l l  encourage s h i f t s  toward 

t h e  use  of non-energy i n t e n s i v e  modes of t r a v e l ,  including walking and more 

ex tens ive  use  of a  bus system. The changing c h a r a c t e r  of l and  use  and 

t r a n s p o r t a t i o n  i n  t h e  s tudy a r e a  is  r e f l e c t e d  i n  t h e  r e s i d e n t i a l  and t r a n s -  

p o r t a t i o n  worksheets f o r  unplanned development, Tables 46 and 47, and i n  

those  f o r  planned deve2opment, Tables 48 and 49, r e s p e c t i v e l y .  

A comparison of t h e  p a t t e r n  of energy consumption between "planned" 

and"unplannedl' development i s  shown i n  t h e  s m a r y  Table  50. We noted 

e a r l i e r  t h a t  i n  a  smal l  a r e a  of community development, i t  is  d i f f i c u l t  t o  

assume constant  levels of r e s i d e n t i a l  and commercial growth under a l t e r n a t i v e  

f u t u r e  development. The d i f f e r e n c e s  i n  energy consumption a r e  r e l a t e d  t o  

t h e  changes i n  populat ion and o t h e r  c h a r a c t e r i s t i c s  of land use  a s  shown i n  

Table 50. 

I n  unplanned development, t h e  l e v e l  of energy demand f o r  h e a t i n g ,  

t h a t  is n a t u r a l  gas  consumption, d e c l i n e s  wi th  t h e  number of hn~rseholds ,  

whi le  t h e  consumption f o r  t h e  i n d i v i d u a l  household remains t h e  same. However, 

a i r  condi t ioning cont inues  t o  grow and l e a d s  t o  t h e  60% i n c r e a s e  i n  e l e c t r i c i t y  

demand whi le  t h e  number of dwell ing u n i t s  decreases  by 13%. Similarl-y,  

t h e r e  a r e  no major changes assumed i n  i n d i v i d u a l  o r  family t r a v e l  p a t t e r n s  

under unplanned development s o  t h a t  concurrent  wi th  popula t ion  l o s s  is  a  

13% decrease  i n  passenger mi les  and a  corresponding 10% decrease  i n  gaso l ine  

consumption. 



TABLE 46 

1975 Tucson 
RESIDENTIAL EWwY WORKSHEET 
("a" number o f  d w e l l i n g  u n i t s )  

UNIT D3A)ID 

~ e a t i  H~L- . /  u n i t  
Cool COOL Enezgy 
S e a s c n  Derund Gemand 
( O d a ~ s )  (Btn/yr  (Btu,'yr 

p e r  "a'.: p e r  ' a " )  

d 3 Eu 

S i n g l e  Family 10 
Detached 

loi 

s p a c e  h e a t  1176 
a i r  cond. - 3500 

1~.5'~' 26 

c e n t r a l  22.8 80 
room 9.1 16 

S i n g l e  Family 
. A t t a c h e d  

s p a c e  h e a t  
a i r  cond. - 

c e n t r a l  
room 

Low R i s e  

s p a c e  h e a t  1776 6..6(') 12 
a i r  cond. - 3500 

c e n t r a l  
9.6") 34 

room 
3.8 13 

High R i s e  

s p a c e  h e a t  
a i r  cond. - 

c e n t r a l  
room 

A l l  U n i t s  

w a t e r  h e a t  - 1 E. 
r a n g e  4 
e l e c t r i c  ap?l.  - 21 

mm DEMAND 

Land T o t a l  
Ener9.f Use 

A c t i v i t y  Demand 
( " a " ]  (Btu/ -p)  

a E 

log 

3080:~) 80 

1232 99 
1232 20 

783t5) 9 
312(~) 11 
312 4 

3~63'~) 70 
3863 15 
3862 81 

389 x lo3 
(1 1 . 0 3  m i l l i o n  Btu/Mcf) (L 1 4 0  thornsand Btu/Gal) ( A  3412 B t u / ~ w h )  

240 Thou. ncf G a l l o n s  46 million ~ w h  

Uit Land T o t a l  
E l e c t r i c  use E l e c t r i c  
mnsump. Activity Consump. 
(s tu /yc  (.sa..) 
p e r  "a")  

(Btu/yr)  

F" b F 

:06 log 

21 264(') 6 

32 1232 39 
8 1232 10 

10 63") 1 
14 312 4 ' 
7 312 2 

18 453C9) 8 
4 1483 6 
21 386 3 81 

B=U/YI 157 x lo9 e t u / y r  

rua C O N S U ~ I O K  

Lnit f and T o t a l  
Gae c s e  Gas 
Emsump. P c t i v i t y  Consump. 
~Btu.'yr ( " a ' )  (Btu/yr) 

E e l  "a")  

EL b P 

10.j log 

L 0 2816'~) 113 

-. - - 
-. - - 

18 720") 13 - - - 
- - - 

2E 3410") 95 
LB 2380") 26 - - 

- 
B t c  

U n i t  Land T o t a l  
O i l  u s e  O i l  
Consump. A c t i v i t y  Coasump. 
(Btu/yr  ("a ' )  (Btu/yr)  
p e r  "a")  

F" b F 

247 x 1 2  Btu/yr 



NOTES TO TABLE 46 

1. Data and procedures fol low those  i n  Table 41. 

2. Tota l  number of homes from Ref. 68 (unplanned c a s e ) .  

3. Replacement r a t e  of 1% /year  (1975 t o  7995; 20%) from 1975 l e v e l .  
S ing le  family  e x i s t i n g  i n  1975 i s  3540 t h e r e f o r e  2832 
s i n g l e  family  homes i n  1995 from 1975.' Given ail o v e r a l l  13% reduc- 
t i o n  i n  dwel l ing u n i t s ,  it i s  es t imated t h a t  t h e r e  would b e  3080 
s i n g l e  family homes of which 2816 a r e  e x i s t i n g  and 264 a r e  new. 

4. Estimated t h a t  40% of a l l  homes would have c e n t r a l  A/C and 40% of a l l  
homes would have room A / C .  

5. Same procedure a s  Note 3  above y i e l d s  720 e x i s t i n g  and 63  new low r i s e  
u n i t s  . 

6. Weighted average of new and e x i s t i n g  h e a t / c o o l  demands. 
From R e s i d e n t i a l  C a l i b r a t i o n  Sheet: 

L.R. 720 6  3  
( 6 . 7 )  + r n ( 4 . 9 )  = 6.6 783 

7. Same procedure a s  Note 6  f o r  a i r  cond i t ion ing  and i n  c e n t r a l  and room 
propor t ions  . 

8. Assumed a l l  remova1.s a r e  gas and no a d d i t i o n a l  gas customers. 

9 .  Number of s i n g l e  family  (low r i s e )  homes l e s s  gas app l iance  homes 
r e s u l t  i n  balance of homes by e l e c t r i c .  



TABLE L7 

1995 Tucson Unplanned 

UNIT O W  

V e h i c l e  Vehic le  U n i t  
Erergy f occupancy Energ. 
Demand Rate Demarlc 

(8tu;veh. mil i8ru/paas - mi), 

E V Ec 

T r i p  Purpose/Mode 
2) 

Work - 
A Y ~ O  910 1.2 770 

I B U ~  2315 20. 
40. 

115 
R a i l / d i e e e l  

electric Zdf8 40. 
1331) 

P 45D 

-Auto N 920 1.4 660 
Bus 35.!5 1 3 .  115 

I Other 
AUZQ 9!0 1.6 575 

BUS 
Commercial 

35!5 23. 155 

TL. ' IC~ - - 

(1) Nc change i n  mods1 split 

( 2 )  V ~ l u e s  reElect  i x r e c s e d  auto  am3 bus eEfid.ency 

TRANEPORTATIO3 ENERGY WORKSHEET 

ENERGY D-D FUEL CWSUMl'TION 

>a i l y  Dai ly  Average Modal T o t a l  
La:~d T r i ?  ~ d g i n s  Wesenger  T r i p  split Annual ~ n e r w  

A c t i 7 i t y  p e r  h ~ r s e h o l d  T r i p s  Length 
(no .  h m s e h o l d )  (round t r i p )  iDtu/yr) 

a 0 T L E 

23.5 x lo9 BtulYr. I 
121.6 x lo9 n t u l y r  Otu/yr 

(1 140 thousand Btu/Gal) ( 2  3412 otu/~,,h) 
.87 mil l ion ~ ~ 1 1 0 ~ ~  Kwh 



TABLE 48 

1995 PLANNED 

RESIDENTIAL ENW~I~Y WOFXSHEET 
'1) 

( " a "  = number o f  dwel l ing  u n i t s )  

UNIT DEVAED 

Heat/ Heat.' Uni t  
Cool Cool Energy 
Season Demand Demand 
(Odays) (Btu,'yr (Btu/yr 

p e r ' a ' )  p e r  " a " )  

d  D 
EU 

S i n g l e  Family 
Detached l o 6  

space  h e a t  1776 14.0;:; 21  
a i r  cond. - 3500 

c e n t r a l  
22 .o 7 7 

r o m  
8.8 3 1  

S i n g l e  Family 
1 Attac'led 

+, spac.s h e a t  
p a i r c o n d . -  
W c e n x r a l  

I 
Lov R i s e  

space h e a t  
a i r  cond. - 

c e n t r a l  
room 

High Rise  

s p a c e  h e a t  
a i r  c m d .  - 

c e n t r a l  
room 

A l l  Unizs 

water  h e a t  
t a n g e  
e l e c t r i c  a p p l .  

ENERCY DEMAND 

Land T o t a l  
Use Enecgi 
A c t i v i t y  Demand 
( " a " )  (Btu / i r )  

a  E  

log 
3540 C2.l 89 
1 4 1 6 ' ~ )  109 
1416 4 4 

1630 1 6  
652") 1 9  
652 8 

5170C2' 93 
5170 21 
5170 109 

508 x 
( A  1.03 m i l l i o n  Btu/Mcf) (1 140 thousand Btu/Gal) (' 3412 ~ t u / ~ w h )  

207 x l o 3  Mcf Gal lons  65.6 m i l l i o n  Kwh 

FUEL CONSUMPTION 

Uni t  Land T o t a l  
Gas : Use Gas 
Consump. A c t i v i t y  Consump. 
( ~ t u / y r  . ( " a " )  ( ~ t u / y r )  
p e r  " a " )  

Fu b- F 
z. -- 

I~~ log 

3 7 2 6 9 0 ' ~ )  100  
- - - 
- - - 

1 8  6 ~ 4 ' ~ )  1 2  
- - - 
- - - 

22(.12) 3 4 1 0 ' ~ )  75 
11 2 3 8 0 ' ~ )  26 

- - - 
- 

10' B ~ L I ' ~ ~ )  9 213 x 1 0  

Uni t  Land T o t a l  
C i l  Use O i l  
Consump. A c t i v i t y  Consump. 
(Btu/yr ( " a " )  ( ~ t u / y r )  
p e r  " a " )  

Fu b F  

U n i t  
E l e c t r i c  use 

Land T o t a l  
E l e c t r i c  

Consmp. Ac t .v i ty  Consump. 
(Btu./yr ) 
per  'a" ) 

(Btu /yr )  

b F FU 

lo6 N9 

15(iL1) 850C8) 1 3  
3.1 1416 4 4 
1 6  1416 2 3 

8 36") . 3  
1 2  660 8 

6 660 4 

14'l ') 850'1°) 1 2  
4 2790 11 

2 1 5170 109  

Btu/yr Btu/yr 224 x 13' e t u / y r  



NOTES TO TABLE 48 

Data and procedures fo l low those  i n  Table 41. 

From Ref. 68. 

Assumed removal r a t e  equa l s  replacement r a t e  f o r  s i n g l e  family  homes a t  
1% per  year  and balance of new homes a r e  low r i s e .  

40% of homes wi th  c e n t r a l  A/C ;  40% w i t h  room a i r  cond i t ion ing .  

Weighted mrera.ge of  nominal h e a t  demands a s  i n  unplanned case .  

S i n g l e  Family 
3  Space h e a t  .80 (14760) +' .20(10860) = 14.0 x  l o 3  

A/C .80(23350) + .20(16470) = 22.0 x 10 

Low Rise  (900(.8) = 720 e x i s t ,  s o  72011630 = 43% e x i s t i n g , . 5 5 %  new 
Space h e a t  .45(6700) + .55(4920) = 5.7 x  10 
A I C  .45(9820) + .55(7100) = 8 .3  x l o 3  

I n  1975 t h e r e  were 3363 s i n g l e  family and 855 low r i s e  gas heated homes. 
I t ' s  expected t h a t  t h e  removals w i l l  be these  homes a s  t h e  number of 
gas heated homes a r e  reduced by 20% and t h e  balance of t h e  homes a r e  
hea ted  wi th  some form of e l e c t r i c i t y  (3363 (1975) + 2690 s i n g l e  family;  
855 (1975) + 684 low . r i s e ) .  

The same 20% removal r a t e  a p p l i e s  t o  t h e  gas cooking and water h e a t  u n i t s .  

T o t a l  number of s i n g l e  family homes 3540, l e s s  gas heated 2640, l eaves  
850 f o r  e l e c t r i c .  

'l 'otal low rise huulee 1630, l e a s  gac heated hXb. 1.eaves 946 e l e c t r i c  
heated homes, ~ U L  given a DIETRICT GENTRATo HFATING SYSTEM f o r  a l l  new 
low r i s e  dwel l ings  ( t h e  number of new dwel l ings  a r e  1630-900 (1-.2) = 910. 
So 946-910 = 36 a r e  e l e c t r i c  heated and the  910 new u n i t s  supp l ied  wi th  
c e n t r a l  d i s t r i c t  waste h e a t  systems. 

There a r e  910 new low r i s e  dwel l ings  us ing  DISTRICT SPACE H.EATING t h a t  
w i l l  a l s o  provide h o t  water demand f o r  these  dwel l ings ,  t h e r e f o r e ,  of 
t h e  t o t a l  of 5170 u n i t s ,  3410 a r e  gas h o t  water  supp l ied  and 910 c e n t r a l  
d i s t r i c t  h e a t i n g  l e a v i n g  850 u n i t s  f o r  e l e c t r i c  h o t  wa te r .  

HEAT PUPIPS f o r  h a l f  o f  t h e  s i n g l e  family  homes a t  a  C.O.P. of 2.0 
reducing u n i t  demand t o  (E = 25, e = 1.25, FU - 20 w/o h . p . ;  
( r e s i s t )  20 x  .50 + ( h . p . ) Y ~  x .50 = 15.  

SOLAR WATER HEAT t o  provide 70% of the  ho t  water f o r  30% of a l l  homes, 
reducing t h e  f u e l  demand by 21%; (1.0 - .21 = .79).  

gas: 18 + .65 x  .79 = 22 

e l e c . :  18 + 1.0  x  .79 = 14 

Does n o t  r e f l e c t  new technologies  a s  l i s t e d .  



TABLE 49 

TRANSPORTATION ENERGY WORYSHELT 

UNIT D W D  

Vehic le  Vehic le  U n i t  
Energy + Occrpancy Energy 
oemand Rate Demand 

(ntu/veh. mil (Btu/pasa - mi) 

v =u 

work - 
n u t 0  
DUB 

0 R a i l  / d i e s e l  
e l e c t r i c  

I-' s h o ~  Wald 
Auto 
BUS 

I 
-0 

B u s  
commrcizk'alk 

T ~ u C  k 

ElJERGY DEMRND meL CONSUELPTIO~ 

Dai ly  Dai ly  Average M o d a l  P a s s .  T o t a l  Unit T o t a l  T o t a l  
Land T r i p  o r l g l n e  Passenger T r i p  s p l i t  Annual Energy O i l  P a s s .  011 

~ c t i v i t y  p e r  houeehold T r i p a  Length n i l e s  Demand m n d  Miles consumr 
( c o .  household) ( round t r i p )  (%) (Btu/yrl ( s tu /yr  

(1) R e f 1 , e c t s  i n c r e a s e d  A u t o  a n d  B u s  e f f i c i e n c i e s  

( 2 )  M o d a l  S p l i t  now r e p r e s e n t s  land u s e  p l a n n i n g  p e r m i t t i n g  w i d e r  u s e  

o f  w a l k i n g  a n d  b u s e s .  

Uni t  T o t a l  T o t a l  
E l e c t .  P a s s .  E l c c t r i c  
Dcmnnd N i l e s  Consump. 

(Btu/yrI 

1 2 7  x 10' ~ t u / y r  s t u / y r  
(: 140 thousand Btu/GaI) ( i  3 4 1 2  ~ t u / ~ w h )  

904 T t i o u s a n d  Gal lons  ~ w h  

. 90  m i l l i o n  G a l l o n s  



R e s i d e n t i a l  

% change 

Dwelling Uni t s  

% change 

T r a n s p o r t a t i o n  

Consumption 
(109 R ~ U )  

Passenger  Miles  

% change 

TABLE 50 

ALTERNATIVE ENERGY CONSUMPTION PROFILES 

I N  THE TUCSON STUDY AREA 

1975 - 
19 

Gas - E l e c t r i c  

011 (Gasoline) 

135' 

4 1  m i l l i o n  

Unplanned Planned 

Gas - E l e c t r i c  Gas - E l e c t r i c  

O i l  (Gasoline) O i l  (Gasoline) 

122 127 

'adjusted f o r  doubling of rni1.e~ p e r  g a l l o n  between 1975 and 1995. 



Planned development i n  t h e  Tucson s t u d y  a r e a  o f f e r s  many o p p o r t u n i t i e s  

f o r  energy s a v i n g s  which were no ted  e a r l i e r .  The c o n s t r u c t i o n  of  m u l t i -  

f ami ly  hous ing  l e a d s  t o  a 16% i n c r e a s e  i n  t o t a l  dwe l l ing  u n i t s .  Recons t ruc t ion  

of  t h e  a r e a  i n c l u d e s  demol i t i on  of about  20% of e x i s t i n g  hous ing  s t o c k  

which is hea ted  by n a t u r a l  gas .  Because of  n a t u r a l  g a s  s h o r t a g e s ,  new 

mul t i - f ami ly  hous ing  is p r o j e c t e d  t o  r e l y  upon e l e c t r i c i t y  f o r  a l l  u s e s .  

The demand f o r  e l e c t r i c i t y  would s o a r ,  if n o t  reduced by d i s t r i c t  h e a t i n g  

and s o l a r  energy u t i l i z a t i o n .  The d i s t r i c t  h e a t i n g  p r o j e c t  encompassed 

most of  new mul t i - fami ly  c o n s t r u c t i o n  and s u p p l i e s  t h e  h e a t i n g  and h o t  w a t e r  

needs  f o r  20% of  t h e  t o t a l  number of  dwe l l ing  u n i t s  i n  1995,  S o l a r  energy  u s e  

f o r  wa te r  h e a t i n g  r educes  t h i s  energy  demand s u b s t a n t i a l l y ,  though w a t e r  

h e a t i n g  i t s e l f  forms a smaller p a r t  of  t h e  t o t a l  energy  demand p i c t u r e .  

Again, a i r - c o n d i t i o n i n g  u t i l i z a t i o n  c o n t i n u e s  t o  r i s e  s u b s t a n t i a l l y ,  which 

c o n t r i b u t e s  t o  l a r g e  i n c r e a s e s  i n  t h e  demand f o r  e l e c t r i c i t y .  Assoc ia t ed  

w i t h  redevelopment of t h i s  c e n t r a l  c i t y  a r e a  i n  Tucson, we n o t e d  t h e  d e c r e a s i n g  

demands f o r  t r a n s p o r t a t i o n  which f o l l o w  from enhanced job  o p p o r t u n i t i e s  and c - 7  

improved r e s iden t i a l - commerc ia l  land  u s e  mixes.  O v e r a l l ,  t h e s e  produce a 6% 

d e c l i n e  i n  t r a n s p o r t a t i o n  f u e l  r equ i r emen t s  a t  t h e  same t ime t h a t  pas senge r  

m i l e s  t r a v e l e d  i n c r e a s e s  by 16%. The d e t a i l e d  r e l a t i o n  between t h e  c h a r a c t e r  

of  mode c h o i c e  induced by t h e  changing l a n d  use  p a t t e r n s  and ene rgy  s a v i n g s  

f o r  v a r i o u s  t r i p  purposes  can be  e x p l o r e d  i n  Tab le  49. The t o t a l  r e d u c t i o n  

i n  r e s i d e n t i a l  and t r a n s p o r t a t i o n  f u e l  needs  i n  t h e  Tucson redevelopment 

s t u d y  a r e a  i s  24% w h i l e ,  a t  t h e  same t i m e ,  l a n d  use  a c t i v i t y  i n c r e a s e s  by 16%. 

The ave rage  s a v i n g s  based  upon c o n s t a n t  d w e l l i n g  u n i t s  i s  about  40%. F i n a l l y ,  

t h e  energy  s a v i n g s  i n  a r e a  redevelopment of 40% a r e  p r o j e c t e d  under modest 

couuuunity deSPgn c o n s i d e r a t i o n s  and are i n d i c a t i v e  of  b o t h  t h e  r a n g e  of 

p o t e n t i a l  s a v i n g s  and t h e  need t o  e x p l o r e  o p p o r t u n i t i e s  f o r  energy-saving 

community des igns .  
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V. FINAL COMMENTS 

The p lanner ' s  energy workbook presented i n  t h i s  r e p o r t  should  b e  viewed 

a s  an  i n i t i a l  e f f o r t .  A s  more exper ience  is  developed i n  applying t h i s  and 

s i m i l a r  methodologies t o  s p e c i f i c  r eg ions  and communities, and more region- 

s p e c i f i c  d a t a  on land uselenergy consumption become a v a i l a b l e  from o t h e r  

s t u d i e s  and e v a l u a t i n n s ,  they should be encorporated i n t o  updated v e r s i o n s .  

Computer models which a l low quick access ing  of t h e  d a t a  and r o u t i n e  land 

use-energy impact ana lyses  should a l s o  be  included i n  l a t e r  v e r s i o n s .  Given 

such e f f o r t s ,  over a pe r iod  of t ime t h e  d a t a ,  procedures ,  and i l l u s t r a t i v e  

examples included i n  t h e  workbooks can become mpre comprehensive and w i l l  f i n d  

g r e a t e r  use  by t h e  p lanning p ro fess ion .  

We make no c la im t h a t  t h e  approach used h e r e  is e i t h e r  unique o r  

n e c e s s a r i l y  more a p p r o p r i a t e  than o t h e r s  t h a t  have been suggested and 

app l i ed  t o  s p e c i f i c  r eg ions .  I n s o f a r  a s  t h e  approach used h e r e  does have 

an advantage,  it  l i e s  i n  i t s  a b i l i t y  t o  be adapted t o  a v a r i e t y  of land 

use  s i t u a t i o n s  by p lanners  l ack ing  a s t r o n g  background i n  t h e  t e c h n i c a l  

a s p e c t s  of energy product ion and consumption. 

Aside from t h e  extended e f f o r t  which w i l l  be r equ i red  t o  improve 

t h e  t e c h n i c a l  a s p e c t s  of land uselenergy a n a l y s i s ,  t h e r e  is a need f o r  

s u b s t a n t i a l l y  i n c r e a s i n g  t h e  d ia logue  between energy managers and t e c h n i c a l  

a n a l y s t s  and land use  p lanners .  A s  noted i n  t h e  i n t r o d u c t o r y  paragraphs  

.of t h i s  r e p o r t ,  energy a s  an i s s u e  i n  l o c a l  land use  p lanning i s  s t i l l  a 

r e l a t i v e l y  new concept.  Even more undeveloped among energy policy-makers 

is t h e  n o t i o n  t h a t  land use  development must be considered i n  t h e i r  manage- 

ment of t h e  n a t i o n ' s  energy resources .  To t h e  e x t e n t  t h a t  t h e  methods and 

a p p l i c a t i o n s  o u t l i n e d  i n  t h i s  r e p o r t  a l low both  groups t o  understand more 

f u l l y  t h e i r  r e s p e c t i v e  p o i n t s  of view, i t  should h e l p  f o s t e r  t h e s e  much 

needed d i scuss ions .  
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